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SECTION I
INTRODUCTION

This report provides user instructions for the 1991 version of the EPIC Research code.

This code has capabilities for 1D, 2D, and 3D geometries; and is intended to be used

primarily for high velocity impact and explosive detonation computations.

Some of the earlier versions of the EPIC-2 and EPIC-3 codes are documented in

References 1-6. Additional references to various material models and computational

algorithms are provided throughout the report.

N528 (0 1



SECTION II
USER INSTRUCTIONS

This section provides user instructions for the EPIC Research code, which consists of a

Preprocessor, Main Routine, and Postprocessor for state and time plots. The formulation

is not provided here; however, most of the basic equations are identical to those of the
earlier versions (References 1-4). Additional references are included throughout the
remainder of this report.

A description of input data for the EPIC code is given in Figures 1 through 24. In
Figures 1 through 8, the page numbers of the descriptions in the text are included for each

card.

In some instances instructions are given for features which are not yet available. It is
anticipated that these features will be available in future versions of EPIC.

N5r,. 4 2



PRCP DESCRIPTION CARD (215, A70) PREP (l OF2)

TYPE ICASE IPREP DESCRIPTION P.34

P1E P MISCELLANEOUS CARD (815, 5X. I5.12. 311,.315)

GE OM I PRINT ISAVE INSLID INMAS INRIST N1RI NCHNt,\N NZONE iPLIT IDP3 IUNIT \ \ % .P. 34

MATERIAL DATA CARDS -DESCRIPTION FOLLOWS PCASE .. .X/R, IY. IZ (RIGID SURFACES,

BLAN CAR I ?ENDS MATERIAL DATA

PROJECTILE SCALE/SIIIFT/ROTATE CARD (7F 10. 2 5.0)

IIJASCALE I YSCALE I ZSCALE I WRSIT ZSHIF T ROTAIE SLANT X RO z- . 37

NODE DATA CARDS FOR PROJECTILE - DESCRIPTION FOLLOWS
I~tANKWU7-? ENDS PROJECTILE NODE DATA

rUIlGI I SCALE/SHIFTIIIOTATE CARD (7F 10.0, 2F 5.0)
XJIISCALE I YSCALE T ZSCALE X1R&HIIFT ZSIitI I FIOTAIE SLANT X/o zo P. 38

NODE DATA CARDS FOR TARGET - DESCRIPTION FOLLOWS
[jANKCXj7 ENDS TARGET NODE DATA

ELEMENT DATA CARDS FOR PROJECTILE - DESCRIPTION FOLLOWS
BLANK ARD 4 ENDS PROJECTILE ELEMENT DATA

ELEMENT DATA CARDS FOR TARGET - DESCRIPTION FOLLOWS

BLAN CAR 5 1ENDS TARGET ELEMENI DATA

SLIDING INTERFACE DATA CARDS FOR NSLID 0 - DE SCRIPTION FOLLOWS

NMAS CONCENTRATED MASS CARDS (I5. 5X, F10,0)

N, MASS(N p.3

RlESTRAINED NODES IDENTIFICATION CARDS - AS REOUIRED (215. 2X, 311)

NFN NFG \ \\' \ P. 39

INDIVIDUAL RESTRAINED NODES CARDS - FOR NFC - 0 (1615)
11 F2 I I I I I I !IN P. 39

NI G GRIOUPED RESTRAINED NODE S CARDS (315)

[FIG IFNGI INC \.>.\\~ P. 40

RAIGID BODY IDENTIFICATION CARDS - AS REQUIRED (215)

NFIN I NRG P. 40
INDIVIDUAL RIGID BODY NODES CARDS - FOR NRG =0(1615)

RI I R2I I I I I I IFN P. 40

NRC GROUPED RIGID BODY NODES CARDS (315)

RIG I NG IINC sK\' N P. 41

IN01,CAIES IlLOUIEfD CARDS

Figure 1. Preprocessor Input Data
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NCHNK CHUNK ELEMENT CARDS (MRE1(5O)2

CEI ICEN P. 41

AUTOMATIC PEZONE REGION DEFINrIKN CARDS FOR NZONE AO -DOESCRIPTION FOLLOWS

DETONATION CARD (4F 10.0)
X/RDET YDET ZOET I TBURN P4

,NITIAL VELOCITY CARD (7F 10.0. 15)

PxiRooT I PyITDoT PzDoT I TxmRoT TyfToOT TzDoT OTi NVFLO P. 42

NVFLD VELOCITY FIELD DEFNITON CARDS (6F 10.0, 415)

XR100 I YmT10T ziDoT I x/Rm0T YfT2DoT z2D0T NI IN2 NAl A P. 42

Figure 1. Preprocessor Input Data (Concluded)



MATERIAL CARD) FOR SOLIDS FROM LIBRARY (415, 2F5,O) AL(OF2

MATL 10 1DAM IFAIL IDFRAC IEFAIL P.43

DESCRIP1 ION CARD FOR SOLIDS INPUT DATA (415.,5X. F!) 0. A50)

MATL. 1 DAM IFAIL EFAIL MATERIAL DESCRIPTION P. 44

CARD 2 FOR SOLIDS (61 10.0. 15) -TTZR 
MOEP.4

DENSITY ISPH- HEAT TEM I TROOM TMELT TZR MOE . <\ p4

CARD 3 FOR JOHNSON - COOK MODEL (MODEL = 1) (SF 10.0)

SHEAR MOD I C1 C2 I N C3 M C4 SPA p45

CARD 3 FORt MOOWF lED JOHNSON - COOK MODEL (MODEL - 2) (SF10.0)

S14EARMOOD C1 C2 F N C3 M 04 SMAX P.45

CARD 3 FOR ZERILII - ARMSTRONG FCC MODEL (MODEL .3) (61 10.0)

SIIEARMOOD Co I C2 I C3 G4 N \ P. 46

CARD 3 FOR ZERILLI - ARMSTRONG BCC MODEL (MODEL. 4) (71 10.0)

S1 IEAR MOO Co Cl C3 04 CS N \ 7 ,7 P. 46

CARD 4 FOR SOLIDS (8F 10 0) 
Lco

K(1 I K2 K3 r PI LC I P. 46

CARDS FOR SOLIDS (8F10.0)

DI I D2 D3 04 D5 SPAL L EFMIN xi P.47

MATERIAL CARD FOR EXPLOSIVES FROM LIBRARY (215)

MATL 10 .... P. 48

DESCRIP'TION CARD FOR EXPLOSIVES INPUTF DATA (215. 20X, A50)
MAIL 2 MAILERIAL DESCRIPTIONP.4

CARD 2 FOR EXPLOSIVES (iF 10.0. IS)

DENSITY IENERGY I DET VL CL Co CH X1 JW P. 48

JWt MODEL CONSTANTS CARD FOR JAIL - 1 (SF 100)

Li IIC Ca C4 C5 \P. 48

MATERIAL CARD FOR CRUSHABLE SOLIDS FROM LIBRARY (215, 1 SX, F5.0)

MAftL 0 EFAIL .P. 49

D)ESCIPSTION CARD FOR CRUSHABLE SOLIDS INPUT DATA (215, 15X. F5.0, A50)

MAIL 1 3 k\ FAIL MAIEIIIAL DESCRIPTION P. 49

CARD ?iORCRUSIIA3LE SOLIDS(3F100)

DENSITY I Pl-IA IEMI'1.. ''.i ~ P. 49

CARD 3FORCRUSHA3LE SOLIDS (SF100)

SHIEAR MOE) Cl I 04 SMAX C1 CO C11 x p.4

CARD 4FOR CRUSHABL.E SOLIDS (8F 10 )

PORUSH UCFIUSH KI K(2 K(3 KLOCK( ULOCK UN P. 49

Figure 2. Material Input Data
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MATL (2 OF 2)

MATERIAL CARD FOR LIQUIDS FROM LIBRARY (215. 15X. FS&0)

MATL 0 0 EFAIL P. 50

DESCRIPTON CARD FOR LIOUCS INPUT DATA (215.1 SX. F.. AS)
MATL 1 4 EFAIL MATERIAL DESCRIPTION P. 50

CARD 2 FOR LIQUIDS (4F10.0)
DENSry I SPH HEAT TEMPI x, P. 50

CARD 3 FOR LIQUIDS (SF10.0)

( K(2 K3 I r PmII CL Co CH P. 50

Figure 2. Material Input Data (Concluded)
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LINE OF NODES DESCRIPTION CARD (215.,2X. 311, 25X. 215. V 100) ND 1 F2

11 NNOODEN NI INC EXPAND P.51

IX/R. IYfT.IZ

LINE OF NODES COORDINATE CARD (6F 10.0)
X/R I YI ZI )URN YN ZN P. 51

ROD (DISK) NODE DESCRIPTION CARD (1015. 3F10.0)

2 1NOR INIR NPNF RAD AX CR05 JOIN NlI NTOP ZTOP ZBOT EXAD P. 52

ROD NODE RADII CARD FOR RAD - 1 (4F 10.0)
ROTOP I RITOP I ROBOT R11B0T P. 54

ROD NODE TOP RADII CARDS FOR RAID -.2 (SF 10.0)
RT(NIR) IHIR(NOR) P. 54

ROD NODE B3OTTOM RADII CARDS FOR RAD - 2 (8F 10.0) .5RB(NIR) IIII RB(NOR) *5

ROD NODE TOP SURFACE CARD FOR RAD - 3 AND AX . 3(215, 7F 10.0)
TYPE ICLOCK I RTC)O ZTO I RTI 7T1 RTN ZTN TT P.* 55

ROD NODE BOTTOM SURFACE CARD FOR RAD - 3 AND AX 3 (215. 7F10.0)

TYPE ICLOCK RBO 28 B1Zl O ZNT P. 56

ROD NODE TOP SURFACE CARD FOR AX -1 (8F 100)
AOG Al I A2 A3 A5A A6 Al P. 56

ROD NODE BOTTOM SURFACE CARD FOR AX - I1(8F 100)

80 1 81 1 82 B3 B4 135 86 87 P.56

ROD NODE TOP SURFACE CARDS FOR AX - 2 (SF 100D) F .5ZT(NIR) T (NOR) P.5

ROD NODE BOTTOM SURFACE CARDS FOR AX -2 (SF 100)P.5
ZB(NIR) ZB(NOR)P.5

NOTE: IF MIR 0 BEGIN RADII AND SUFFACE CARDS WrTH NIP 1

NOSE NODE DESCRIPTION CARD (715, SX. IS. 5X, 2F 100)

3 1TYPE INOR INIR IHAID IAX CR05 NI 1naTP Z P. 56
NOSE NODE TOP RADII CARD FOR RAD - 1 21 10 0)

ROTOP I RITOP ' '\P. 58

NOSE NODE TOP RADII CARDS FOR RAE) - 2 (8F 10 0)

RT(NI) RT(NOR) P. 58
NOTE. IF NIH = 0 BEGIN RADII CARD WITH RT,'

NOSE NODE ZMIN CARDS FOR AX . 2 (8F 10.0)

ZMIN(NIR) IMIN(NOR) P. 58
NOTE IF P41R=0 BEGIN ZMIN CARDS WITH 11AIN

Figure 3. Node Input Data
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NODE (2 OF 2)
FLAT PLATE DESCRIPTIOINCARD (1OI5 3F 10.0) _ ________

4 1TYPE INX/R INY INZ FIX ICROSI JOIN INI IINC IXm1-EXPAND IV-4 XPN -XAD IP. 58

20 FLAT PLATE CARD) FOR TYPE . 1 (215.04F 10.0)
NREND NZENOI RPM ZPART1 MAX I RM4 ZMAX MUIN P. 61
30 CIRCULAR FLAT PLATE CARD FOR TYPE - 2(215.2:6.0,1F10.0. lOX. 2F 10.0)
NREND INZE RPAR7 ZPARTI RADIUS ZMAX I MIN P. 62
30 RECTANGULAR FLAT PLATE CARD FOR TYPE - 3(215.2F5.0. EF 10.0)
NXEND NYEq XPARI YPAFIL_ X1 I VI ZI XN YN N P. 63
3D RECTANGULAR FLAT PLATE CARD FOR TYPE . 4 (215 215.0. 6F 10.0)
NXEND INZENq XPA1 ZPARTI X1 I I 21 XN YN ZN P. 64

SPHERE NODE DESCRIPTION CARD (315. 5X. K5 5X. 15. 5X. 15. 5X. 3F 10.0)
15 1NOR INIR kQ RAD 3 N CR06 NI RI KN DzcG P. 64

SPHERE NODE RADII CARDS FOR RAD - 2 (BF 10.0)
R(NIR) R(NOR) P. 65

NOTE: IF Nll -0 BI GIN RADII CARD) WITH R (1)

PATRAN NODE CARD (315)
886I Ni I N P. 65

NODE SCALE/SHIFT/ROTATE IDENTIFICATION CARD (15)

999 P. 66
NEW SCALE/SHIFT/ROTATE CARD (71:10.0. 2F5.0)

X/RSCALE I YSCALE IZSCA[E XSHIFT ZSHIFT ROTATE SLANT K'RO ZO P. 66

Figure 3. Node Input Data (Concluded)
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ELE (1 OF 1)

SERIES OF INDMOUCXAL AND COMPOSITE ELEMENTS CARD (1315. SX, F10.0)
II MATL INCOij NII N2 IN3 IN4 IN5 I N6 N7 Na INC SHELL TA P. 67

THICKNESS CARD FOR~ 2D SHELL ELEMENTS - FOR SHELL - 1 AND TIA . 0 (BE 10.0)
T1) IIIIT(NCOMP. 1) P. 69

AREA CARD FOR 3D BAR I EMENTS - FOR SHELL - 1 AND T/A - 0 (8F 10 0)
A~lI A(NCOMP) p6

THICKNESS CARD FOR 3D iHELL ELEMENTS - FOR SHELL - I AND T/A - 0 (BE 10.0)
T(I) I ] T(NCOMP) P. 70

SERIES Of 30 TETRAHEDRAL ELEMENTS CARD - SYMMETRIC ARRIANGEMENT (315)
1 MATL INCOM P. 70

NODE DESCRIPTION CARD FOR 3.-D SYMMETRIC ARRANGEMENT (I6I) P7NII N2 IN3 IN4 IN5 N6B N7I N8 . N9O N10 Nil N12 N13 N14 N15 INC P7

ROD (DISK) ELEMENT CARD (715. 5X. 215. 10X, F1O.0)
MATL IN1I DIAG NOiER NIER NLWAY SELPCETHICK *7

3D ROD TOP/OrTOM SHELL THICKNESS CARD - FOR THICK -0 (SF10.0)P.7
T(NIER)I T(NOER)P.7

3D ROE) SIDE SHELL THICKNESS CARD - FOR THICK . 0 (SF10.0)
T(1) IIIIT(NLAY) P. 72

ROD MATERIAL CARD FOR MATL = 0(1615)

JM(NIER) I M(NOERJ P. 72

NOSE ELEMENT CARD (615, 10X. 15.15SX. FIO0D)

L] TL NII[ DIAG INOER INIER SELL THIC P. 72
3D NOSE THICKNESS CARD IFOR THICK - 0 (8F 100)

17-7 - T(2.NOER) P. 74

NOSE MATERIAL CARD FOR MAI L - 0 (1615)I

M(NILR) I M(NOER ] Z I P. 74

FLAT iPLATE ELEMENT CARD, 1015, lOX. FIO0)

4 I MTiD IA DIG I TYPE INLXIR NLY NLZ SHELL IPLACE THICK \K \"P. 74

SPHERE ELEMENT CARD (615. 10X. I5,15SX. F 10.0)

5 1MATL IN1I DIAG INOER INIER SHELL THICK P. 76

SPHERE MATERIAL CARD FOR MATL. ~0(1615)
M(NIER) I M(NOERJ IP. 77

PATRAN ELEMENT CARD (31. 55X. F 10.0)

555 P I PEN P. 77

Figure 4. Element Input Data
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SUDE (I OF 1)
"A KlING INI WAME CARD fot WD GEOMETRY.- ASHEOUIIIID(M1)

MlI Si P.79

SLIDING INTEFACE IDENTFICATION CARD FOR 2D GEOMETRY - AS REOUED (115. 3F10.0)
NMG I I- Nsr. NsN INsR TYPE IMOOT isR m rri 12 REF VEL ERODE FRICTION P. 79

NMG GROUPED MASTER NODE CARDS (315)
MiG IUNG IINC P. 84

INDIVIDUAL MASTER NODE CARDS - FOR NMN 0 (1616)
ml IM2 I I MN IP. 84

NSG GROUPED SLAVE NODE CARDS (315)

SIG ISNG IINC P. 84
INDIVIDUAL SLAVE NODE CARDS - FOR NSN . 0 (1615)

S1I S2 I I I I ISN IP. 84

NSR SLAVE NODE LIMITS CARDS (0F100)
RMAX I MINI ZMAX ZMIN P. 85

SLIDING INTERFACE INDENTIFICATION CARD FOR 30 GEOMETRY - AS REOUIRED (915. 5X 3F10.0)
NMG ISEEK INSG INSN INSA TYPE IMOOT IS m fT REFF VEL E ROD[ FRICTION P. 85

MASTER DEFINITION CARD FOR RECTANGULAR PLATE GEOMETRY (215 5x. 515)

11 M1 DIAG INUL INMW IIDL Ilow P. 88
MASTER DEFINITION CARD FOR ROD-NOSE GEOMETRY (715)

2 1M1 JMCODEJ DIAGJ NORI NIR I NL P. 89

MASTER DEFINITION CARD FOR CIRCULAR PLATE (DISK() GEOMETRY (515)
3 1MI MCODE IDIAG INIG P. 90

MASTER DEFINITIN CARD FOR CYLINDER (ROD) GEOMETRY (715)
4 1MI MCOOE IDIAG INOR INIR NPIL P.91

MASTER DEFINITION CARD FOR GENERAL GEOMETRY (815)
5 1NCOMq INC IMl M2 I s MA3 MS4 P. 92

MASTER DEFINITION CAMD FOR PATRAN GEOMETRY (315)

8ON I PLIJ PL P. 92

NSG GROUPED SLAVE NODE CARDS (315)
SIG ISNG INC P. 93

INDIVIDUAL SLAVE NODE CARDS - FOR NSN > 0 (1615)
SI IS2 I I I I I I ISN P. 94

NSA SLAVE NODE LIMITS CARDS (6F 100)
XMAX XMIN I YAX YMIN ZMAX ZMIN p. 94

Figure 5. Sliding Interface Input Data
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MAIN (1 OF 2)
RESTART DESCRIPTION CARD (215. A)P.9

3 1CASE - MAIN DESCRIPTION p9

TIME INTEGRATION CARD (15,5SX, 7F 10.0)

CYCLE N TIME I OTMAX DTMIN -L ssf TMAX CPMAX EMX .P. 95
MANI MISCELLANEOUJSCARD) (215.5SX. 315. FlO. lOX. FlO.0)
I PLOT IDROPNN& PRES IPUSH I r.G VFRACT F'MAX . * 96

PLOT CARD FOR TPLOT - I (415. 6F10.)

I Y -PLC) LP O PLOTJ DT SYS I TSYS I TNODE I TNODE I DT DYN I TODYN IP.97

DESIGNATED NODES CARD) - FOR NPLOT >0 (1615)
NiI N2 I I I I I NNP. 98

DESIGNATED ELEMENTS CARD - FOR LPLOT > 0 (1615)

El IE2 I I I I I I IEN P. 98

DYNAMIC PLOT CARD FOR OPLOT - 1 (615.21 10.0)

LINE I S0EL1 NMAT ISIDEM IVAR ISIDEV VMAX VMIN P. 99
MATERIAL DESIGNATION CARD - FOR NMAT >0 (1615)

Ml M2 I I I IIIMN P. 100

COLOR DESIGNATION CARL' - FOR NMAT A. (1615)

Cl IC2 I I I IIICN P. 100
DYNAMIC PLOT LIMITS CARD (6F10.0)

XIRMAX I YMAX I ZMAX X/RMIN YMIN zmI P. i01

DROP CARD FOR DROP . Il(FIO.0. 15. SX.415,5X. 315.2X,31 .15)
TOROP INNODE NNjNELE INSLID NRIG NCHNI(S NZONE INPLOT ILPLOT IINFAIL p. 101

DESIGNATED ELEMENTS FAILURE CARD -FOR NFAIL 0 (1615) 'Y .IXdR, IY. IZ

EFI IEF2 IIEF N P. 102

Figure 6. Main Routine Input Data



MAIN (2 OF 2)
PFESSURE CARDS FOR ES.*2 - AS FEQUIED (6IKFIO.O)

IELE1 ELEN JELEINCI N1I NN IND4IC PRESSURE P. 102

aLWCR ENDS PRESSURE CARDS FOR ITFES - 2

TIME -PRFESSURFE CARDS FOR PRES - 2 - AS FEOURED (2V0.0)

PTWAE I MP. 103

MA 5 - ENDS TO& - PRSSURE CARDS FOR PRES. 2

VELOCITY CARDS FOR PUSi - 2 - AS FEOUWlD (315. 531.I0.0)
NI I NN INC KNN XtADOT I Y/TDoT ZoOT P. 104

13AKCR ENDS VELOCITY CARD)S FOR PUSH - 2

TIME - VELOCITY CARDS FOR PUSH - 2 - AS REQUIRED (2F0.0)
VTI&IE V(T) Is IP. 104

UAZKZW ENDS TWE - VELOCITY CARDS FOR PUSH .2

DATA OUTPUT CARDS - AS REQIRED (4FI0 0. 1115)

TIME ECHECKI( NCHECI( RDAMP SAVE I UFIN YPFV4T NDATA SLPR PROJ PT ROE P. 104

RM T ENDS MAIN ROUTINE

Figure 6. Main Routine Input Data (Concluded)
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POSTI (1 OF 2)

GEOMETRY PLOT CARD FOR 2D AND 30 (215. F 10.0, 812. 4X. A30)

I CYCLE TIME I I TITLE P. 109

FAIL
EDGE

-ORIENJT

VIEW

AXES

PLOT LIMITS CARD FOR AXES . 2 (6F10.0. 315)
X/RUAX I YA I Z"AX XR I I YMIN 2MIN El EN M  P. 112

3D PERSPECIVE CARD FOR VIEW . 4 OR a (6F10.0. 15)
XEYE I YEYE I ZEYE XPLANE I YPLANE ZMAE HIDE p. 113

EXTRAPOLATED GEOMETRY PLOT CARD FOR 2 AND 30 (215. F10.0. 812. 4X. F10.0. A30)

2 1 CYCLE TIME It-EXTAP TITLE P.13

L SAME AS GEOMETtY PLOT CARD SHOWN ABOVE

PLOT LIMITS CARD FOR AXES . 2 (6F10.0. 315)

X/WRMAX I YMAX I ZMAX WXIIN YMAX lMAX E I EN UM P. 114

VELOCITY VECTOR PLOT CARD FOR 20 AND 30 (215. F10.0. 612 SX. F10.0. A0)

3 1 CYCLE TIME I I L \ VSCALE TITLE p 114

EDGE

SIEE
, ORIENT

VIEW

AXES

PLOT LIMITS CARD FOR AXES - 2(6F100, 215)

X/,AX I YMAX I 2MAX XI tI 1 YM I M8I Ni NN P. 114

3D PERSPECTIVE CARD FOR VIEW . 4 (6F10.0. 215)

XEYE I YEYE I ZEYE XPLANE YPLANE ZRLANE NI NN P. 114

PATRAN OUTPUT FILE CARD (215, 110.0. 12, M, A30)

4 C YCLE TIME I TITLE P.114

L PAT

Figure 7. Postprocessor Input Data for State Plots

N52A48(f) 13



POST1 (2 OF 2)
CONTOUR PLOT CARD FOR 2D AND 30(2D5 F 10.0, N 14Y, A30)

TYPE [CYCLE TIME TITLE P. 115

[I PAINT UM CONTOURPLOTTED
SYMBOL I PRESSURE
NLINE 12 VON MISES STRESS

EDGE 13 EGUIVALENT STRAIN
SIDE 14 DAMAGE/ BUN FRACTION

ORIENT is TEMPERATURE
VIEW 16 PLASTIC WORK

AXES 17 INTERNAL ENERGY
18 LOG (10) S1RAIN RArE

19 NET X/ RSIESS 1 NOT AVAILABLE

20 NET Y T SI ESS FOR 3D SHELL
IELEMENTS

21 NE1 Z STRESS

PLOT LIMITS CARD FOR AXES = 2 (6F 10 0. 315)
X/RMAX I YMAX I ZMAX XI44IN YMIN ZMIN El IEN M P. 116

CONTOUR SPECIFICATION CARDS FOR NLINE . 0 (OF 10.0)

C, I c2 I I CN P. 116

PLOT CARDS FOR 10 ONLY (215. FlO 0. 12).12 12.14X A30)

TYPE I CYCLE TIME I "SN" I , .N X M TITLE P.116
L AXES L PRINT T vAAALEVZ.AX

11-21 SAME AS CONTOURS

22 Z VELOCITY

PLOT LIMITS CAM FOR AXES - 2 (4F 100)

VMAX I VU I zmAX z, N P. 116

BLANKCARD ?ENDS POST I POSTPROCESSOR

Figure 7. Postpro,,essor Input Data for State Plots (Concluded)
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POST2 (1 OF 1)
SYSTEMoCHUNK PLOT CARDS - AS RE-UIRFL U (315, F5.0. 4F 10 0. A20)
TYPE AXES ICODE ISCALE IMAX T TMIN VMAX VN TITLE P. 117

INDIVIDUAL NODE PLOT CARDS -AS REQUIRED (35. F5.0. 4F10.0A20)
TYPE AXES[NODE SCALEI TMAX I _TMN VX Z VMIN TITLE P. 118

INDIVIDUAL ELEMENT PLOT CARDS - AS REQUIRED (315, F5.0, 4110.0, A20)
TYPE AXEST ELIE SCALEI TUAX TMIN VMAX 7MIN TITLE P. 118

ENDS POST2 POSTPROCESSOR

TYPE VARI F PLOTTED
1-4 ENERGIES: TOTAL (1). KINETIC (2), INTERNAL (3). PLASTIC WORK (4)

5-7 XYZ / RITZ MAXIMUM COORDINATES
8-10 XYZ/ RTZ MINIMUM COORDINATES
11-13 XYZ iRTZ CENTERS OF GRAVITY]
14-16 XYZ/ RTZ LINEAR MOMENTA ONLY R. Z FOR W SYSTEM/CHUNK DATA
17-20 XYZ / RTZ VELOCITIES (17-19) I

AND NET VELOCITY (20) .
21-23 XYZ RTZ ANGULAR MOMENTA 1
24-26 XYZ/ RTZ ANGULAR VELOCITIESj READ DESCRIPTION FOR 20

27 MASS

40-42 XYZ I F1TZ NODE POSITIONS -
43-46 XYZ / RTZ NODE VELOCITIES (43-45) AND NET VELOCITY (46)

47-49 XYZ / RTZ NODE ACCELERATIONS INDIVIDUAL NODE DATA
5o NODAL PRESSURE

60 ELEMENT PRESSURE

61 ELEMENT PRESSURE (NODAL AVERAGE)

62 VON MISES STRESS

63 EQUIVALENT PLASTIC STRAIN

64 DAMAGE / BURN FRACTION

65 TEMPERATURE
66 PLASTIC WORK PER INITIAl VOl UMI INDIVIDUAL ELEMENT DATA

61 INTERNAL ENERGY PtR INTIAL VOLUMI"

68 LOG (10) STRAIN RATE

69-71" XYZ / RTZ NORMAL STRESSES
72-74' SHEAR STRESSES X-YIR-T(4.4).X--Z/R-Z(45),Z-YIZ-T(46)

75 RATIO MEAN STRESS/ VON MISES STRESS

'NOT AVAILABLE FOR BAR ANDI OR SHELL ELEMENTS

Figure 8. Postprocessor Input Data for Time Plots
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MATERIALS IN DATA LIBRARY FOR EPIC

NUMBER DESCRIPTION
I OFHC COPPER RF-30, 80OF ANNEAL/6OMN
4 ARMCO IRON RF-72, 170OF ANNEAL/6OMN

13 WATER (FRESH) REF. JAP, 1973
14 CONCRETE (5000 PSI, 144 PCF) REF. ARBRLCRO0484
23 6061-T6 ALUMINUM RB-58
36 OFHC COPPER (MODIFIED JOHNSON-COOK MODEL)
37 ARMCO IRON (MODIFIED JOHNSON-COOK MODEL)
38 OFHC COPPER (ZERILLI-ARMSTRONG FCC MODEL)
39 ARMCO IRON (ZERILLI-ARMSTRONG BCC MODEL)
43 COMP B (JWL EOS) REF. UCRL-52997
44 COMP B (GAMMA LAW) REF. UCRL-52997

Figure 9. Materials In the EPIC Material Library
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EXPAND
NUMBER .. ..--

OF .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5
INCREMENTS ___-

A A A A A A A A A, A A A A A

2 1.176 .824 1.111 .889 1.053 .947 1.0 1.0 .952 1.048 .909 1.091 .870 1.130 .833 1.167 .800 1.200

3 1.370 .671 1.230 .787 1.107 .897 .906 1.097 .824 1.187 .752 1.271 .688 1.349 .632 1.421

4 1.579 .542 1.355 .694 1.163 .848 .862 1.147 .745 1.288 .647 1.420 .563 1,545 .492 1.662

5 1.803 .433 1.487 .609 1.221 .801 .819 1.199 .672 1.393 .553 1.579 .457 1.755 .379 1.919

6 2.040 .343 1.626 .533 1.281 .756 .778 1.252 .604 1.504 .470 1.746 .368 1.977 .289 2.192

7 2.288 .269 1.772 .464 1.342 .713 .738 1.307 .542 1.618 .398 1.922 .293 2.210 .218 2.487

8 2.547 .210 1.923 .403 1.405 .672 .700 1.363 .485 1.737 .335 2.104 .233 2.452 .162 2.775

9 2.814 .162 2.079 .349 1.469 .632 .663 1.421 .433 1.861 .281 2.293 .183 2.702 .120 3,080

10 3.087, 125 2.241 .301 1.535 .595 .627 1.479 .385 1.988 .235 2.488 .143 2.959 .088 3.392

12 3.651 .072 2.577 .221 1,672 .525 .561 1.601 .303 2.253 .161 2.893 .086 3.490 .047 4.031

14 4.229 041 2.929 .161 1.815 .461 .500 1.728 .237 2.530 .109 3.315 .051 4.036 .024 4.683

16 4.816 023 3.293 .116 1.964 .404 .445 1.859 .183 2.819 .073 3.749 .030 4.592 .012 5.341

18 5.409 .013 3.666 .083 2.118 .353 .395 1.995 .140 3.117 .048 4.191 .017 5.155 .006 6.004

20 6.003 .005 4.037 .046 2.246 .273 ' .349 2.102 .089 3.407 .024 4.634 .007 5.719 .002 6.668
11s", ",.. I nc

NODES NI (NI + 1) (Ni + NNODE -2) (NI + NNODE - 1)

INCREMENTS A, A 2  A,I A, A +1 AN-I AN

TOTAL LENGTH I

NUMBER INCREMENTS N A, A, EXPAND

Al N(i,-XPAND) AN EXPAND

A (1 F XpAND NI [ EXP IAND )N]

Figure 10. Nodal Spacing for Various Expansion Factors
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CROSSED TRIANGLES (N5> 0)
ELEMENT (LI1) ELEMENT (Li 4 ANCOMP - 1)

Ni N4

N5

Li1 LiI3L773

N2 N3

.4COMPOSITE ELEMENTS -

STANDARD TRIANGLES (N5=0)
ELEMENT (Li 14 2.NCOMP -I

NI N4

-ELEMENT (L i)

QUAD ELEMENTS (N5=-1)
ELEMENT (L I NCOMP - 1)

N2 N3

ELEMENT (Li1)

ONE DIMENSIONAL ELEMENTS (N3=0)
ELEMENT (Li I NCOMP - i)

N2 Ni1

-ELEMENT (Li1) INCREASING
Z AXIS

Figure 11. 2D Composite Element Geometry
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NON-SYMMETRIC BRICK ARRANGEMENT

I f1 \A

SYMERI BRIC ARANEMNT

NiI N?

N4 N 19

N4
N10q

N N1 N8

TOTA[ (,f

Figure 12. 3D Composite Element Geometry
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SYMMETRIC BRICK ARRANGEMENT
(24 TETRAHEDRAL ELEMENTS)

NON-SYMMETRIC BRICK ARRANGEMENT 2- ... /

(6 TETRAHEDRAL ELEMENTS)

1 8 17Xo/.

BRICK ELEMENT 1"I

r 2864X 0

1.817,C Io
I*-- X0 --*1I  14- -1. 817 Xo . 1  2 884Xo -----

LMAX 1732 X0  LMAX 3.147 X o  LMAX 2.884 X o

HON - Xo H MIN 1.049 Xo HMIN 1.020 Xo

NOTES

" ALL ELEMENTS HAVE EQUAL VOLUMES ( Xo 3)

" LMAX IS MAXIMUM DISTANCE BETWEEN TWO NODES OF AN ELEMENT

* HMIN IS MINIMUM ALTITUDE OF AN ELEMENT

Figure 13. 3D Element Arrangements
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BRICK 3
ELEMENTS 13-18

4 64 16

3 1 12

3 -
3 11

3

N5= N8--147

N7=10 BRICK 2
ELEMENTS 7-12

N2-5 N3=9

BRICK 1
ELEMENTS 1-6

Figure 14. 3D Node/Element Input Data Example
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GEOMETRY NODES - - SHELL DESCRIPTION
N1____ NI N2 [N3 N41 N51 N6 N7 N8

1D Ni N2 -,0 0._0 10 0 0 0 1iDELEMENT
__ __ N 0c0. 00 0(T0 2 NON-REFLFCT

2D Ni N2 0 0 0 0 0 0 1 SHELL/BAR
N1 N2N3 0 0 0 0 0 0 iTRIELE
Ni N2 N3 N4 0 0 0 0 0 2 TRI ELE
Ni N2 N3 N4 N5 0 0 0 0 4 TRI ELE
Ni N2 N3 N4 -i 0_0 0- 0 -I QUAD ELE
NiW1N2t 00 0 0 0 0 2 NON-REFLECT

3D NN2O0 00 0 00 1 BAR
Ni N2 N3 0 0 0 0 0 1 1iTRI SHELL ELE
Ni N2 N3 N4 0 0 0 0 1 2 TRI SHELL ELE
NI N2 N3 N4 N5 0 0 0 1 4 TRI SHELL ELE
Ni N2 N3 N4 0 0 0 0 0 1iTET ELE
Ni N2 N3 0 N5 N6 N7 0 0 3 TET ELE
Ni 0 N3 N4 N5 0 N7 N8 0 3 TET ELE
Ni N2 N3 N4 N5 N6 N7 N8 0 6 TET ELE

Ni N2iN3 0 0 NON-REFLECTTfRi
Ni N2 N3 N4 0 0 0 0 2 2 NON-REFLECT TRI
Ni N2 N3 N4 N5 0 0 0 2 4 NON-REFLECT TRI

Figure 15. Summary of Individual and Composite Element Options
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t TOP VIEW1

All 

z

x x
+-0. L -10. R

1514 I 3 4 5 15141312345

ELEMENT NODE ELEMENT NODE RT (NOR)
RING RING RING ZA RING ZT (NOR)

ROTOPJZ ROTOP --

NODE Ni IT 0ILMN LAYER NODE
- RTO .Oj ELE-N R I TOP PLANE N

1TO NI N r

3
3

4 
4

z 5

NLA - 3NPLN-3

W vNLAY- NPLN-2

NLAY-I 
PL-

NWAYI

-00ZBOT INPLN R (O

R I BOT*. KRIB B I8NOR))
1ROBOT MOB-OT

3-D SOLID ROD 3-D HOLLOW ROD 2-D SOLID ROD
NIR -.0. NOR -5. NIER =1. NOER 5 NIR 2. NOR =5. NIER =3. NOER =5 NiR =0. NOR =4, NIER 1 NOER 4

RAD = .AX =0. GROS =0. DIAG 1 HAD =1, AX = 0.CROS =1. DIAG =5 HAD =2. AX = 2 CROS 0 01AG6

NODE AND ELEMENT ARRANGEMENTS FOR 2-D GEOMETRY ONLY

DIAG - 1 DIAG- 2 DIAG 3 DIAG =4 DIAG 5 DIAG 6
CROS --0 CROS o CR0S 0 CROS=0 GROS- ~ CROS 0

Flgure 16. F od Shape Geometry
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CONICAL NOSE (TYPE=1)

ELVET NODE R b 4R ING RING RfP XRT(l) RTINOR)
54111112345ZIO rZTOzro-

ZMN{1) -

ROD ZMINt2) -

_ _ _2-D

ZMIN ZMIN(NOR) -
NIR-0. NOR=5, NIER-1 NOER=5~ NI18=2. NOR.5, NIER-3. NOER..5 NIR-O NOR 5, NIER-1. NOER=5RA0=1. AXw3, CROS4o. D)AG=l RAED=1 AX=O. CROS=O. DIAG~l RAD--2 AX 2. CROS=o DIAG

ROUNDED NOSE (TYPE=2)

ELEMENT NODE .*ROTOP Z ;~sC
RING RING RITELEMENTS

ZNOP NI ZTOP

ROD

ZMIN- ZMIN
NIA-O. NOWS5. NIE8=1. NOER 5 NIRI=Z NOR=5 NIER 3. rJOER 5 NIP 0. NOR. NIERil NOER .5RAD=1. AX=O. CROS=O. DIAG~l RA0=-i AX=0O CROS 0. DIAGi I RAO I AX ()CRS0 01AG6

OGIVAL NOSE (TYPE=3)

ELEMENT NODE ROrOP - 2
RING RING RITOP RITOP ROTOP

TTOPOP

ROD
INTERFA0

0

ZMNNOR -ZKIINNIR 0 NOR-S NIER-1. NOER=5 NIR. NOR 5. Nif H .3 NOE R 5 NIH 0, NOR-5. NIEfi 1 NOER !RAD=l AX=O. CROS=1. 01AG=5 RADmlI AX=0. CAOS-0. DIAG71 PAD 1. AX 0. CR0' I.(JAC,

Figure 17. Nose Shape Geometry
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ROD GEOMETRY
2D GEOMETRY 3D GEOMETRY

NUMBER CROSSED TRIANGLE STANDARD TRIANGLE SYMMETRIC NON SYMMETRIC
OF

RINGS NODES ELEMENTS NODES ELEMENTS NODES ELEMENTS NODES ELEMENTS
PER PER PER PER PER PER PER PER

LAYER* LAYER LAYER LAYER LAYER* LAYER LAYER LAYER

1 3 4 2 2 17 48 6 12

2 5 8 3 4 53 192 15 48

3 7 12 4 6 109 432 28 108

4 9 16 5 8 185 768 45 192

5 11 20 6 10 281 1200 66 300

6 13 24 7 12 397 1728 91 432

7 15 28 8 14 533 2352 120 588

8 17 32 9 16 689 3072 153 768

9 19 36 10 18 865 3888 190 972

10 21 40 11 20 1061 4800 231 1 200

N 2N+1 4N NI 2N 10N 2 +6N+1 48N 2  2N2+3N+1 12N 2

" ADDITIONAL NODES PER ADDITIONAL ELEMENT LAYER (INCLUDES SECONDARY NODES)

NOSE GEOMETRY **

NUMBER 2D GEOMETRY 3D GEOMETRY

OF CROSSED TRIANGLE STANDARD TRIANGLE SYMMETRIC NON SYMMETRIC

RINGS NODES ELEMENTS NODES ELEMENTS NODES ELEMENTS NODES ELEMENTS

1 3 4 2 2 17 48 6 12

2 10 16 6 8 89 384 30 96

3 21 36 12 18 221 1296 84 324

4 36 64 20 32 413 3072 180 768

5 55 100 30 50 665 6000 330 1500

6 78 144 42 72 977 10368 546 2592

7 105 196 56 98 1349 16464 840 4116

8 136 256 72 128 1781 24576 1224 6144

9 171 324 90 162 2273 34992 1710 8748

10 210 400 110 200 2825 48000 2310 12000

N I2 2 +N 4N 2  N2 +N 2N 2  0N2 -18N+5 48N3 12N 3+3N2 +N 12N 3

DOES NOT INCLUDE NODES AT ROD INTERFACE NTS/GRJ-MCII-004.TQ

7/10/90

Figure 18. Summary of Nodes and Elements for Rod and Nose Shapes
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R VARIABLE SPACING SECTION
NREND NODES z

X/R-EXPAND

*---RING OF NODES'

ZMXNODEN3 NR

PLANES
OF NODES

LAYERS OF

OFLELEMENT

RMIN RMA,

DIAGt OAG=2 DIA~3 DAG4 DIAG5 DAG=
CROS~o zRSO CO~ RS~ RS1 cO~

Figue 19 2D latPlat Geoetr
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4

ELEMENT RINGS

NREND
RPART

ELEMENT zX/R -EXPAND -
LAYERS

-~~ Z I * x -MAX

2 --- - 4 NZEND

ZPART

NiL Z-EXPAND

NZ17 I ZMIN
0 1 2 NXIR

NODE RINGS

Figure 20. 3D Circular Flat Plate Geometry
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TYPE =3 (HORIZONTAL LAYERS)
zXPART 

XPAFRT
WXEND NODES NXENO

XIR-EXPANO 4H ~XREXPAND

YPART IZ LAYER I

NODE NIZ LAYER NLZ

X LAYER I X LAYER NIYJR

TYPE =4 (VERTICAL LAYERS)
XPART XPARTNXEND NODES NXENDX/R-EXPAND V -0- X/R-EXPAND

(X1, Y1, ZI)

T
ZPART

NZEND NODES 
(XN.YN ZN)Z-EXPAND

Figure 21. 3D Rectangular Flat Plate Geometry
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PATRAN EPIC
NAME GEOMETRY NAME GEOMETRY

BAR/2 ---- 0BAR/SHELL

TRI/3 TRIANGLE

44

TET/4 TETRAHEDRONI

QUAD/4 QUAD

1 2D1 CROSSED 12

QUAD/STRIANGLES

0 ~ (4 TRIANGLES)

33

HEX/27 -SYMMETRIC
~Aj -~ -BRICK

(MOIFED -ARRANGEMENT

SI(24 TETRAHEDRA) -- 3

NTSWN3MC11TO

Figure 22. PATRAN to EPIC Translators for Nodes and Elements
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PATRN EPIC

NAME GEOMETRY NAME GEOMETRY

I %

44 I

I
%,

%'%

WEDE -- ' - .

(CID = 12) / (3TEIOA

I % %

WEDGE1 1 %.

(3 TETRAHEDRA) /

44

WEDGE/

(3 TETRAHEDRA) /

Figre 2. ATRN o EIC ranlatrsforNods ad Eemnts(Cotined



PATRAN EPIC
NAME GEOMETRY NAME GEOMETRY

WEDGE/6 WEDGE 2
(CID=23) (3 TETRAHEDRA)

HEX/8 aNON-SYMMETRIC
BRICK

ARRANGEMENT

s( ...I .. • (6 TETRAHEDRA)

NON-SYMMETRIC
BRICK

HEX/8 (----•----. ARRANGE MENT
(CID,.2) ,s

4 .)ss (6 TETRAFHEDRA)

o~z /

NON-SYMMETRIC

IBRICK
HEX/8 - --- ARRANGEMENT

• • ( (6 TETRAHEDRA)

HEX/ NON-SYMMETRIC
(CID,) BRICKARRANGEMENT

(6TETRAHEDRA)

Figure 22. PATRAN to EPIC Translators for Nodes and Elements (Concluded)
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MGEOM1

MGEOM 2 Z
zy y

MASTER SURVACE

xx

PL ANE P
NOENO EN MPLANE -

MASTERPLNI
NOENSURFACE MASTER

ON INSIDEC SURFACE
(MCODE= 1) ION OUTSIDE

m(MCODE=)
M1

MGEOM 3 MGEOM 4

z MASTER SURFACE z
ON TOP (MOODE = )PLANE NPL

y

M1 x

x MI

MASTER SURFACE Ml PLAN....E I

ON BTTOM(MOOE 1ON INSE (MOODE -MASTER SURFACE

ON OUTSIDE (MCODE =1

MGEOM 5 (M5=0) MGEOM =5 (M5 > 0)

M1 M4 M4 +INC M11 M4 M4 +INC

M2 M3 M3 +INC M2 M3 M3 +INC

NODE ARRANGEMENT AS VIEWED FROM SLAVE NODE

Figure 23. Master Surface Options for 3D Sliding Interfaces
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0.3

6 P=PCRUSH + Kji K 2A 2 + K3P 3  LOC

g =~ CRUSH2

P LOCKED

j k REGION

.0 10PCRUSH
0.0

a. IuCRUSH

W. 3
Dl .0005 .001

2

1 u23K LOCK =78.4 GPa

0 .05 .10 .15 .20 .25 .30 .35

g =p/po --1

Fig ire 24. Pressure Model for Crushable Solids
(Specific Data Shown are for Concrete)
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1. INPUT DATA FOR THE PREPROCESSOR

The function of the Preprocessor is to define the initial geometry and velocity
conditions. The descriptions which follow are for the data in Figure 1. Consistent units
must be used and the unit of time must be seconds.

It is possible 4o interject user comments into the data by use of a $ character. If the $
is in the first column of the card, that entire card is ignored as input data. If the $ is
beyond the first column in the card, then the $ and all data to the right of the $ are
ignored (Reference 7).

A card with a $ in the first column can be used to show the field names and/or to show
a title for a group of cards. A card with a blank in the first column and a $ in the second
column can be used as a blank card with a comment about which section this blank card
ends.

Prep Description Card (215, A70) -

TYPE = 1 specifies a Preprocessor run only.
= 2 specifies a Preprocessor and Main Routine Run.

CASE = Case number for run identification. This same case
number must be used for all subsequent restart runs

PREP = Description provided by user.
DESCRIPTION

Prep Miscellaneous Card (815, 5X, 15,12, 31,315) -

GEOM = I specifies 1D cartesian geometry.
= 2 specifies ID cylindrical geometry.

= 3 specifies ID spherical geometry.

= 4 specifies 2D plane stress geometry. (Reference 8.)
= 5 specifies 2D plane strain geometry.

= 6 specifies 2D axisymmetric geometry (without spin).
= 7 specifies 2D axisymmetric geometry (with spin).

= 8 specifies 3D geometry.
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PRINT = 0 will not print individual data for each node, element, and sliding

interface.
= 1 will print individual data.
= 2 will restrict printing of 3D node data to nodes with Y = 0 and to 3D

element data with one face on the Y = 0 plane.

SAVE = 0 will not write Preprocessor data on restart file.
= 1 will write Preprocessor data on restart file, IRESIN.
= 2 will write Preprocessor data on restart file, IRESOT.
= 3 will write Preprocessor data on restart file (opened on channel

IRES03) with the name EiPOO.RES, where i = PCASE, which is
described later on this card.

NSLID = Number of sliding interfaces.

NMAS = Number of concentrated masses to be input separately.

NRST = Number of groups of nodes to have restraints redefined.

NRIG = Number of systems of nodes which move as rigid system.

NCHNK = Number of groups of elements for which subsystem data are requested.
Only the non-eroded (intact) elements are included in these data.

NZONE - Number of regions to be input for automatic rezoning during a Main
Routine run. (Not yet available.)

PCASE Identification number for PATRAN files generated by the Main
Routine. Use different number for different EPIC runs so that the
different PATRAN files are not assigned the same name. Is also used
as identification number for restart files when SAVE = 3.

IX/R = 0 will not provide a rigid frictionless surface on the positive side of a
plane described by R = 0 (2D) or X = 0 (3D).
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= 1 will provide a rigid frictionless surface on the positive side of a plane

described by R = 0 (2D) or X = 0 (3D). If the equations of motion cause

a node to have a negative X/R coordinate, the X/R coordinate and

velocity are set to zero.

IY = 0 will not provide a rigid frictionless surface on the positive side of a
plane described by Y = 0 (3D only).

= 1 will provide a rigid frictionless surface on the positive side of a plane

described by Y = 0 (3D only).

IZ 0 will not provide a rigid frictionless surface on the positive side of a
plane described by Z = 0.

= 1 will provide a rigid frictionless surface on the positive side of a plane

described by Z = 0 (1D, 2D, 3D).

SPLIT = 0 will perform the sliding interface computations after the updated
velocities and displacements are determined from the usual equations
of motion. Contact is established as long as the slave node interferes
with the master surface before the velocities and displacements are
adjusted in the sliding surface routines. This option is the most
reliable and should be used for complicated sliding surfaces which
include double pass options and intersecting sliding surfaces. It must
be used for the eroding interface option. For 3D computations
involving relatively low velocity impact problems and rigid body nodes

(NRIG > 0), this option can introduce significant errors in the form of
excessive deformation and internal energy.

= 1 will perform the sliding surface computations after the updated
velocities are determined but before the updated displacements are

determined. This should be used if the sliding interfaces are relatively
simple and/or contain rigid body nodes. Specifically, it requires that no
slave node or master node be a slave node or master node on more than
one sliding interface. Also, the double pass option for 2D computations
(IT2 > 0) cannot be used. Contact is first established when the slave
node interferes with the master surface. Thereafter, a slave node is
considered to be in contact until the preadjusted normal velocities
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between the two surfaces at e separating rather than closing. This

approach minimizes the dis ance the slave node is moved to place it on

the master surface (for rigid body nodes) and is therefore more accurate

for this case. If there are n( sliding surfaces, either option can be used

(SPLIT = 0 or SPLIT = 1).

DP3 = 0 will not perform any double precision computations.

= 1 will perform double precision computations for 3D volume

computations and parts of the 3D sliding interface computations. This
sometimes may be required for 32-bit computers, but is not required for

64-bit computers.

UNIT = 0 indicates the constants in the material library have English units

(pound/inch/second/degree Fahrenheit).

= 1 indicates the constants in the material library are converted to

Standard International (SI) units.

Material Data Cards - Material data can be completely defined by the user or taken

from the material data library. Specific instructions are presented later. End material

data with a blank card.

Projectile Scale/Shift/Rotate Card (7F10.0, 2F5.0) -

X/RSCALE = Factor by which the R coordinates (2D) or X coordinates (3D) of all
projectile nodes are multiplied. Applied after the coordinate shifts
(X/RSHIFT, ZSHIFT) and before the rotations (ROTATE/SLANT)
described later.

YSCALE = Factor by which the Y coordinates are multiplied for 3D geometry.

Leave blank for 1D or 2D geometry.

ZSCALE = Factor by which the Z coordinates are multiplied.

X/RSHIFT = Increment added to the X/R coordinates of all projectile nodes (length).
Applied before the scale factors (X/RSCALE, YSCALE, ZSCALE).
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ZSHIFT = Increment added to the Z coordinates (length).

ROTATE = Rotation about X/RO and ZO in the R-Z plane (2D), or the X-Z plane

(3D), of all projectile nodes (degrees). Applied after the coordinate

shifts (X/RSHIFT, ZSHIFT) and the scale factors (X/RSCALE,
ZSCALE). Clockwise is positive for 2D, and for 3D when looking in a

positive Y direction.

SLANT = The angle (degrees) used to redefine the X/R coordinates of all
projectile nodes, with the relationship X/R., = X/RM + (Z - ZO) tan

(SLANT). This takes vertical lines of nodes and aligns them at an
angle, SLANT, with the vertical. Applied after the other
SCALE/SHIFT/ROTATE options.

X/RO = X/R reference coordinate for the ROTATE/SLANT options.

ZO = Z reference coordinate for the ROTATE/SLANT options.

Node Data Cards for Projectile - These cards are required to define the projectile
nodes. If a node is at the interface of the projectile and the target and contains mass from
both the projectile and the target, it must be included with the projectile nodes. The node
numbers must not exceed the dimension of the node arrays, and they need not be
numbered consecutively or in increasing order. Specific instructions for node input data
are presented later. End projectile node data with a blank card.

Target Scale/Shift/Rotate Card (7F10.0, 2F5.0) - Same as Projectile
Scale/Shift/Rotate Card except it applies to the target nodes. Must be included even if
there are no target nodes.

Node Data Cards for Target - Similar to node data cards for projectile. Specific
instructions are presented later. End target node data with a blank card. Include blank

card even if there are no target nodes.

Element Data Cards for Projectile - These cards are required to define the projectile
elements. The element numbers must not exceed the diniension of the element arrays,
and they will automatically be numbered consecutively. Specific instructions are
presented later. End projectile element data with a blank card.
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Element Data Cards for Target - Similar to element data cards for projectile. Specific
instructions are presented later. End target element data with a blank card. Include
blank card even if there are no target elements.

Sliding Interface Data Cards for NSLID > 0 - These cards are required to define the
sliding interfaces. Specific instructions are presented later.

NMAS Concentrated Mass Cards (I5, 5X, F10.0) -There are NMAS (defined in Prep
Miscellaneous Card) cards entered for the concentrated masses. These cards are omitted
when NMAS = 0. Each card contains data for one mass.

N = Node number to which the concentrated mass is added.

MASS (N) = Concentrated mass added to node N.

Restrained Nodes Identification Cards (215, 2X, 311) - Each set of restrained nodes
contains one Restrained Nodes Identification Card and additional cards to specify the
nodes. The program does not impose any constraint on the number of sets and each set
can contain as many as the node arrays can handle. If there are no restrained node sets
(NRST = 0 in Prep Miscellaneous Card), this group of cards is omitted. If there is more
than one set of restrained nodes, all cards for the first set are entered before the
Restrained Nodes Identification Card for the next set is entered. This input redefines the
restraints on the designated nodes (it does not simply add to existing restraints).

NFN = Number of nodes in set.

NFG = Number of groups of nodes to be read. If NFG = 0, the nodes are read
individually.

IX/R, IY/T, IZ = 1 restrains nodes in R, 0, Z directions, respectively, for 2D geometry

and the X, Y, Z directions for 3D geometry. Expanded description
given for Line of Nodes Description Card in Node Geometry Subsection.

Individual Restrained Nodes Cards for NFG = 0 (1615) -

F1.. .FN Individual nodes to be restrained.
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NFG Grouped Restrained Nodes Cards (315) -

F1G = First node in the group of nodes to be restrained.

FNG = Last node in the group of nodes to be restrained. Leave blank if there
is only one node in the group.

INC = Increment between nodes in the group of restrained nodes. Leave
blank if there is only one node in the group.

Rigid Body Identification Cards (215) - Each system of rigid body nodes contains one
Rigid Body Identification Card and additional cards to specify the nodes. If there are no
rigid body systems (NRIG = 0 in Prep Miscellaneous Card), this group of cards is omitted.
If there is more than one system of rigid body nodes, all cards for the firit system are
entered before the Rigid Body Identification Card for the next system is entered. Rigid
body nodes must not contain any slave nodes on sliding interfaces or have nodes
restrained in the Z direction. (An exception is that a slave node can be, lesignated a rigid
body node, if it is the only node in the system.) For 1D cylindrical and spherical
geometries (GEOM = 2 or 3) there can be no rigid body nodes. For plane strain or plane
stress geometry (GEOM = 4 or 5), if any rigid body node is restrained in the R direction,
then all are restrained in the R direction. For axisymmetry geometries (GEOM = 6 or 7),
all rigid body nodes are restrained in the R direction. For 3D geometry (GEOM = 8) all
rigid body nodes are restrained in the Y direction. If any 3D rigid body nodes are
restrained in the X direction, then all are restrained in the X direction. Also, if NRIG > 0
for 3D, then the 3D sliding algorithm uses a less accurate technique.

NRN = Number of rigid body nodes in the system.

NRG = Number of groups of rigid body nodes to be read. IfNRG = 0, the nodes

are read individually.

Individual Rigid Body Nodes Cards for NRG = 0 (1615) -

R1...RN = Individual nodes in rigid body system.
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NRG Grouped Rigid Body Nodes Cards (315) -

RiG = First node in the group of rigid body nodes.

RNG = Last node in the group of rigid body nodes. Leave blank if there is only

one node in the group.

INC = Increment between nodes in the group of rigid body nodes. Leave
blank if there is only one node in the group.

NCHNK Chunk Element Cards (215) - Each subsystem of element chunks for which

output is desired requires a Chunk Element Card. If there are no chunk data to be

obtained (NCHNK = 0 in Prep Miscellaneous Card), these cards are omitted.

CE1 = First element in the chunk.

CEN = Last element in the chunk. The chunk includes all elements between

(and including) CE1 and CEN.

Note: If CE1 and/or CEN exceed the 15 format ( 100,000), set CE1 =

-1 and then read CE1 and CEN on the following card in 2110 format.

Automatic Rezone Region Definition Cards for NZONE > 0 - These cards describe

the regions which can be automatically rezoned during a Main Routine run. This applies
to 2D geometry only (GEOM = 4, 5, 6, 7). Specific instructions are presented later. (Not
yet available.)

Detonation Card (4F10.0) -This card describes the initial explosive detonation
conditions. Leave this card blank (but include) if no explosives are used.

X/RDET = X/R coordinate of the explosive detonation (distance).

YDET = Y coordinate of the explosive detonation (3D only).

ZDET = Z coordinate of the explosive detonation.

TBURN = Time (second) at which the detonation begins at X/RDET, YDET,
ZDET.
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Initial Velocity Card (7F10.0, 15) -This card describes the initial velocity conditions.

If there are interface nodes which include mass from both the projectile and the target,

the velocities of these nodes are automatically adjusted to conserve momentum.

PX/RDOT = Projectile velocity in the R direction for 2D geometry or the X direction

for 3D geometry (distance/second).

PYfTDOT = Projectile velocity in the 0 direction for 2D geometry (radians/second) or

the Y direction for 3D geometry (distance/second).

PZDOT = Projectile velocity in the Z direction.

TX/RDOT = Target velocity in the X/R direction.

TYfrDOT = Target velocity in the Y/O direction.

TZDOT = Target velocity in the Z direction. Should be zero when the erosion

option is used (ERODE > 0) with axisymmetric geometry (GEOM =

6, 7).

DT1 = Integration time incremeat for the first cycle. This must be less than

the time required to travel across the minimum dimension of each

element at the sound spe,!d of the material in that element.

NVFLD = Number of additional velo cities fields to be input. The additional
velocity fields will supersde those input with this card.

NVFLD Velocity Field Definition Cards (6F10.0, 415) -These cards describe the

additional NVFLD velocity fields to be input. One card is required for each new velocity

field. The velocities vary linearly from node NI to node N2 and include nodes NA1 to
NAN. They supersede previously input velocities.

X/R1DOT = X/R velocity at node N1 (distance/second).

YfrlDOT = Y/0 velocity at node N1.

ZIDOT = Z velocity at node N1.
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X/R2DOT = X/R velocity at node N2.

YT2DOT = Y/O velocity at node N2.

Z2DOT = Z velocity at node N2.

N1 = Node at which velocities are X/RIDOT, Y/TIDOT, and ZIDOT.

N2 = Node at which velocities arm X/R2DOT, Y/T2DOT, and Z2DOT.

NA1-NA2 = Range of nodes whose velo ities are updated.

a. Material Descriptions

There are four material types availabl to the user. They are for Solids,

Explosives, Crushable Solids, and Liquids. Input data are shown in Figure 2. Data may

be input directly or the material library may be used.

Material Card for Solids from Library (415, 2F5.0) - Data for some materials are

available from the material library in subroutine MATLIB. The specific materials are

shown in Figure 9 and listed as output from the Preprocessor. Library materials may

only be used after being called by this card. The user should read the comments in
subroutine MATLIB to obtain the references from which the data were generated.

MATL = Material identification number. It must be in the range of 1 through
100 and must correspond to a material number in the library.

0 = Code to specify library material.

DAM = 0 will not compute material damage.
= 1 will compute material damage.

FAIL = 0 will not allow fracture of the material when the damage exceeds 1.0,

but rather will continue to accumulate the damage.

= 1 will allow the material to fracture partially when the damage exceeds
1.0. Partial fracture causes shear and tensile failure, so only
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compressive hydrostatic pressure capability remains. Can be used only

with DAM = 1.

DFRAC = Factor by which library fracture strain constants (D1, D2, EFMIN-

defined later) are multiplied. DFRAC = 1.0 will provide the exact

library constants.

EFAIL = Equivalent plastic strain, or volumetric strain, which, if exceeded, will

totally fail the element such that it produces no stresses or pressures.

If EFAIL _.999, the check for total failure will be omitted.

Description Card for Solids Input Data (415, 5X, F5.0, AS0) - This card (plus four

additional cards) specifies all the material constants for a solid material. Four options are

available for the strength model. These cards will supersede any material library data

with the same material number, MATL. Only previously undefined variables will be

defined.

MATL = Material number specified by user. Will supersede library material

data with same material number.

1 = Code to specify Solids input data.

MATERIAL = Description provided by user.

DESCRIPTION

Card 2 for Solids (WF10.0, 5) -

DENSITY = Material density (mass/volume).

SPH HEAT = Specific heat (work/mass/degree).

TEMPI = Initial temperature of the material (degree).

TROOM = Room temperature (degree).

TMELT = Melting temperature of the material (degree).
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TZERO = Absolute zero temperature (degree).

MODEL = 1 specifies Johnson-Cook strength model (Beference 9).
= 2 specifies modified Johnson-Cook strength model.

= 3 specifies Zerilli-Armstrong FCC strength model (Reference 10).
= 4 specifies Zerilli-Armstrong BCC strength model (Reference 10).

Card 3 for Johnson-Cook Model (MODEL = 1) (8F10.0) -This card describes
strength constants for the Johnson-Cook Model (Reference 9).

SHEAR MOD = Shear modulus of elasticity (force/area).

C1, C2, N, C3, = Constants to describe the material strength, a, using the Johnson-Cook

M, C4, SMAX model.

a= [C1+ C2. eN] [1 + C3. lne*1 [ 1-T*M] + C4 - P (1)

Where E is the equivalent plastic strain, o * = e /o is the dimension-

less strain rate for 4. = 1.0 s- 1, T* is the homologous temperature, and

P is the hydrostatic pressure (compression is positive). Valid only for

0 S T* 5 1.0. N must be a positive number, and the thermal softening
fraction, KT = [1 - T*MI, is set to KT = 1.0 when M = 0. IfSMAX is in-

put as a positive number, then the maximum strength for a is limited

to SMAX. If left blank (SMAX = 0), the strength (a) is not limited.

A constant flow stress can be obtained by setting C1 to the flow stress,
N = 1.0, and C2 = C3 = C4 = SMAX = M = 0. C1, C2, and SMAX have

units of stress (force/area), and the others are dimensionless.

Card 3 for Modified Johnson-Cook Model (MODEL = 2) (8F10.0) - This card
describes strength constants for the modified Johnson-Cook model.

C1, C2, N, C3, = Constants to describe the material strengtl , a, using the modified M,
C4, SMAX Johnson-Cook model.

a=[C1 + C2. EN Ik*(71[ I -T*M1 + C4 • P (2)
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This is similar to the Johnson-Cook model except that the strain rate

effect [ * ,c3] is different. This model provides an enhanced strain rate

effect at high strain rates.

Card 3 for Zerilli-Armstrong FCC Model (MODEL - 3) (6F10.0) - This card

describes strength constants for the Zerilli-Armstrong FCC model (Reference 10). It does

not represent the grain size as a variable, bi it rather includes it in CO.

CO, C2, C3, = Constants to describe the material strength, a, using the Zerilli-

C4, N Armstrong FCC model.

o=CO+C2. EN - exp(-C3- T+C4. T. lnt) (3)

Where r is the equivalent plastic strain, T is the absolute temperature

(degree) and t is the equivalent strain rate (s-1 ). CO and C2 have
units of stress (force/area); and C3 and C4 have the units of (degree)-'.

Card 3 for Zerilli-Armstrong BCC Model (MODEL = 4) (7F10.0) - This card

describes strength constants for the Zerilli-Armstrong BCC model (Reference 10).

CO, C1, C3, = Constants to describe the material strength, a, using the Zerilli-

C4, C5, N Armstrong BCC model.

a=CO + C1 • exp (-C3 • T + C4 - T. ln4 ) + C5. • N (4)

This is similar to the Zerilli-Armstrong FCC model. CO, Cl, and C5
have units of stress (force/area).

Card 4 for Solids (8F10.O) -

K1, K2, K3 = Cubic coefficients for the Mie-Gruneisen Equation of State (force/area).

P = (Kljp + K2g 2 + K3g 3) (1 - rg2) + [E. (1 + gi) (5)

where gi = p/p. - 1 and E. is internal energy per initial volume.
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r = Gruneisen coefficient for Mie-Gruneisen equation of state.

PMIN = Maximum hydrostatic tension allowed (force/area).

CL = Linear artificial viscosity coefficient (CL = 0.2).

CQ = Quadratic artificial viscosity coefficient (CQ 4.0).

CH = Hourglass artificial viscosity coefficient f(,r 2D quad elements or 3D

composite brick elements with pressure averaging option (CH = 0.02).

Card 5 for Solids (8F10.0) -

D1...D5 - Constants for the Johnson-Cook fracture model (Reference 11).

Er= [D1+D2.exp(D3 o*)[1+ D4. lnE*][1+D5.T*] (6)

Where 6 r is the equivalent strain to fracture under constant

conditions of the dimensionless strain rate, i *, homologous

temperature, T*, and the pressure-stress ratio, a* = a.). The mean

normal stress is GY and a is the von Mises equivalent stress.

Expression is valid for a* 5 1.5. Damage is computed from D =

LAE /E f, and fracture is allowed to occur when D = 1.0.

SPALL = Tensile spall stress (negative pressure) at which fracture can occur

(force/area).

EFMIN = Minimum fracture strain allowed. For a* > 1.5, E f varies linearly from

Erat a* = 1.5 to EFMIN at am = SPALL.

X1 = Extra material constant stored in the CIO array.
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Material Card for Explosives from Library (215) - Similar to the card for the solid

materials in the library except that no options are provided for fracture.

Description Card for Explosives Input Data (215, 20X, A50) - This card (and one or

two additional cards) specifies the material constants for explosives. Only new variables

will be defined. See solid material definitions for other variables.

2 = Code to specify explosive;; input data.

Card 2 for Explosives (7F10.0, 15) -

ENERGY = Initial internal energy in explosive, E. (energy/volume).

DET VEL = Detonation velocity, D (distance/second).

X1 = Extra material variable stored in array C10.

JWL = 0 will use gamma law equation of state.

= 1 will use JWL equation of state.

For gamma law, the pres;;ure is determined from

P = (y- 1) E/V (7)

where y = 1 + D2p/'2Eo (8)

E is the internal energy per initial volume, p, is the initial density, and

V = VN is the relative volume.

JWL Model Constants Card for JWL = 1 (5FI0.0) -

C1..5 = Constants for the JWL equation of state.

For the JWL model, the pressure is determined from
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P = C1 (1 - C5/C2 V) exp (-C2•V)

+ C3- (1 - C5/C4 V) exp (-C4. V)

+ C5-EN (9)

where E is internal energy per initial volume andV = VNo is the rela-

tive volume. C1 and C3 have the units of pressure (force/area); and C2,

C4, and C5 are dimensionless.

Material Card for Crushable Solids from Library (215, 15X, F5.0) - Similar to the

cards for other library materials. Total failure is allowed through EFAIL, but fracture
due to damage is not allowed.

Description Card for Crushable Solids Input Data (215, 15X, F5.0, A50) -This
card (plus three additional cards) specifies the material constants for a crushable solid

material (Reference 12). Only new variables will be defined. See previous material
definitions for other variables.

3 = Code to specify Crushable Solids input data.

Card 2 for Crushable Solids (3F10.0) - All variables previously defined.

Card 3 for Crushable Solids (8F10.0) - Only new variables will be defined. See
previous material definitions for other variables.

C1, C4 = Constants to describe the material strength, a (force/area).

a = C1 + C4. P (10)

SMAX = Maximum strength allowed (force/area). If left blank (SMAX = 0),

strength (a) is not limited.

X1 = Extra material constant stored in the D1 array.

Card 4 for Crushable Solids (8F10.0) - Only new variables will be Cefined. See

previous material definitions for other variables.
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PCRUSH Constants to describe the pressure, P. The model, and specific data for

UCRUSH, concrete, are shown in Figure 24. The basic model cam also be used for
K1, K2, K3, other crushable solid materials. PCRUSH, Ki, K2, K3, and KLOCK
KLOCK, have units of pressure (force/area). UCRUSH and ULOCK are
ULOCK dimensionless. Both PCRUSH and UCRUSH must be positive

(PCRUSH > 0 and UCRUSH > 0), and they should define a reasonable
elastic bulk modulus (PCRUSH/UCRUSH).

Material Card for Liquids from Library (215, 15X, FS.0) -Similar to the cards for
other library materials. Total failure is allowed through EFAIL.

Description Card for Liquids Input Data (215, 15X, F5.0, AS0) - This card (plus two
additional cards) specifies the material constants for liquids. Only new variables will be
defined. See previous material definitions for other variables.

4 = Code to specify Liquids input data.

Card 2 for Liquids (4F10.0) -

X1 = Extra material constant stored in array CIO.

Card 3 for Liquids (8F10.0) - Same constants as used for solid material.

b. Node Geometry

Node geometry data are required for the projectile nodes and the target nodes.
These data can be input as lines of nodes, various rod shapes, nose shapes, flat plates,

and/or spheres. PATRAN generated data can also be used. The input data are

summarized in Figure 3. One dimensional geometry (GEOM = 1, 2, 3) is taken along the

Z axis at X/R = 0 and Y/O = 0. Two dimensional geometry (GEOM = 4, 5, 6, 7) has the Z
coordinate positive upward and the R coordinate positive to the right. Three dimensional
geometry (GEOM = 8) has the Z coordinate positive upward and X coordinate positive to
the right when looking in the positive Y direction. The node numbers must not exceed the

dimension of the node arrays, and they need not be numbered in any special order. They
should, however, be generally numbered consecutively so that blocks of nodes can be

formed for vectorized computations.
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Line of Nodes Description Card (215, 2X, 311, 25X, 215, F10.0) - Two cards are
required for each line of nodes to be generated. The nodes may be numbered

consecutively or incremented by INC, and the nodes may be uniformly or variably spaced.
Refer to Figure 10 for more details.

1= Identification number for line of nodes geometry.

NNODE = Total number of nodes in the row of nodes.

IX/R = 0 will not restrain nodes in X/R direction.
= 1 will restrain nodes in X/R direction.

IY/T = 0 will not restrain nodes in Y/O direction.

= 1 will restrain nodes in Y/O direction.

IZ = 0 will not restrain nodes in Z direction.
= 1 will restrain nodes in Z d rection.

NI = Number of the first node of the line of nodes.

INC = Node number increment between corresponding nodes. Leave blank if

a single node is to be generated.

EXPAND = Factor by which the distance between nodes is multiplied going from
the first node to the last node. EXPAND = 1.0 gives uniform spacing.
See Figure 10 for effects of various expansion factors.

Line of Nodes Coordinate Card (6F10.0) - This card reads the coordinates of the two

end nodes in a line of nodes.

X/R1 = X/R coordinate of the first node (distance).

Y1 = Y coordinate (3D only) of the first node.

Zi = Z coordinate of the first node.
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X/RN = X/R coordinate of the last node. Leave blank if a single node is
generated.

YN = Y coordinate of the last node.

ZN = Z coordinate of the last node.

Rod (Disk) Node Description Card (1015, 3F10.0) -Two or more cards are required
for each rod shape to be generated. The rod shape geometry descriptions for both 2D and
3D geometries are given in Figures 16 and 18. For 2D geometry the firs;t node is at the
upper left corner of the rod shape, and the nodes are numbered across each layer working
down. Radial restraints on the centerline nodes are provided when NIR = 0. Either the
primary only or both the primary and secondary (crossed triangle) nodes may be
generated in the rod geometry.

For 3D geometry the rod is always generated in a vertical position about the Z axis. When
viewed from the positive Z direction, the nodes are numbered con& utively
counterclockwise, inner to outer and downward. Only one half the rod is generated as
shown and normal restraints are provided on the plane of symmetry at Y = 0. Either the
symmetric or non-symmetric arrangement of elements can be used.

The nodes on the top and bottom surfaces, for both 2D and 3D, may be generated
uniformly, read in individually, or computed by analytic functions. They can also be used
to generate nodes for shell elements by setting NPLN = 1 or by setting NOR = NIR. The
rotation of the rod for oblique impact is obtained with a Scale/Shift/Rotate Card.

2 = Identification number for rod nodes geometry.

NOR = Outer node ring number.

NIR = Inner node ring number. For a solid rod in 2D axisymmetric geometry
(GEOM = 6, 7) or 3D geometry (GEOM = 8) set NIR = 0. This will
assign the centerline nodes to the Z axis and will restrain these nodes
in the R direction for the 2D geometry. Do not use NIR = 0 for 2D
geometry if the inner ring is not on the z axis (R = 0).
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NPLN = Number of horizontal planes of nodes (not including the secondary

nodes if CROS = 1). If NPLN = 1, do not read node data for bottom of
rod.

RAD = 1 gives uniform radial spacing at the top and bottom of the rod.

= 2 requires all radial coordinates at top and bottom of rod to be input
individually.

= .3 will read input data for 2D circular or 3D spherical shapes to be
generated about a point which is not on the Z axis. Must be used with
AX = 3.

AX = 0 requires all top axial coordinates to be ZTOP and all bottom
coordinates to be ZBOT.

= 1 requires axial coordinates at the top and bottom of the rod to be
generated with an analytic function.

= 2 requires all axial coordinates to be input individually.

= 3 must be used with RAD = 3, as described previously.

CROS = 0 will not generate secondary nodes for either the 2D or 3D geometry.

= 1 will generate secondary nodes for 2D crossed triangle geometry or 3D
symmetric brick arrangements.

JOIN = 0 will not eliminate any nodes.

= 1 will eliminate the top row of nodes, such that a rod can be joined to
the bottom of a previously input rod.

NI = Number of the first node in the rod. If the join option is used (JOIN =
1), then N1 should be identical to the innermost (lowest number) node
on the bottom of the previously input rod to which the join is being
made.
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NTOP = 0 will use the input values of AX and RAD to define the top surface of

the rod.

> 0 will override the input values of AX and RAD to define the top

surface of the rod. The coordinates of node NI will be equated to those

of node NTOP. Similarly, the coordinates of node N1 + 1 will be

equated to those of NTOP + 1, etc., until all nodes on the top surface
are equated to e;xisting nodes. The AX and RAD options will be used

for the bottom surface of the rod. For this option (NTOP > 0), the
Scale/Shift/Rotate, etc., values used for both surfaces (which contain
nodes N1 and NTOP) must be identical.

ZTOP = The constant Z coordinate of the top surface for AX = 0, or the top
centerline Z coordinate for NIR = 0 and AX = 2 (distance).

ZBOT = The constant Z coordinate of the bottom surface for AX = 0, or the
bottom centerline Z coordinate for NIR = 0 and AX = 2.

EXPAND = Factor by which the distance between corresponding nodes in the
vertical direction is multiplied going from top to bottom. EXPAND =

1.0 gives uniform spacing in the vertical direction.

Rod Node Radii Card for RAD = 1 (4F10.0) -

ROTOP = Outer radius of the rod top (distance).

RITOP = Inner radius of the rod top.

ROBOT = Outer radius of the rod bottom.

RIBOT = Inner radius of the rod bottom.

Rod Node Top Radii Cards for RAD = 2 (8F10.0) -

RT(NIR)... Radius of each ring of nodes at the top of the rod (distance). One or
RT(NOR) more cards as required. If NIR = 0, then begin with RT(1), as RT(0)

will be set to RT(0) = 0.
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Rod Node Bottom Radii Cards for RAD = 2 (8F10.0) -

RB(NIR)... = Radius of each ring of nodes at the bottom of the rod. One or more

RB(NOR) cards as required. If NIR = 0, then begin with RB(1), as RB(0) will be

set to RB(0) = 0. Skip this card for special case of NPLN = 1.

Rod Node Top Surface Card for RAD = 3 and AX = 3 (215, 7F10. ) - This option

allows 2D circular and 3D spherical shapes to be generated about a point which is not on

the Z axis. The nodal spacing in the X/R - Z plane is at equal angular intervals.

TYPE = I ends the far end of the shape by specifying the X/R coordinate at the

end of the shape.

= 2 ends the far end by specifying the Z coordinate.

= 3 ends the far end by specifying an incremental angle from the near

end.

CLOCK = 0 generates the surface in a counterclockwise direction.

= 1 generates surface in a clockwise direction.

RTO = The X/R coordinate at the center of the 2D circular or 3D spherical

section (distance).

ZTO = The Z coordinate at the center of the 2D circular or 3D spherical section

(distance).

RT1 = The X/R coordinate at the beginning of the circular/spherical section at

node N1 (distance).

ZT1 = The Z coordinate of node NI (distance).

RTN = The X/R coordinate at the far end of the circular/spherical section

(distance). Use only for TYPE = 1.
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ZTN = The Z coordinate at the far end of the circular/spherical section
(distance). Use only for TYPE = 2.

TT = The included angle in the circular/spherical section (degrees). Must
always be positive as direction is specified with CLOCK. Use only for
TYPE = 3.

Rod Node Bottom Surface Card for RAD = 3 and AX = 3 (215, 7F10.0) - Similar to
the previous card for the top surface. Skip this card for the special case of NPLN = 1.

Rod Node Top Surface Card for AX = 1 (8F10.0) -

A0 , Ai, ... A7  = Coefficients of the analytical function describing the top surface

Zw = Ao + Air + ... +Aer 6+ A7 (1 - cos O) (11)

where 0 is the angle from the Z axis.

Rod Node Bottom Surface Card for AX = 1 (SF10.0) -

Bo, Bi, ... B7 = Coefficients of the analytical function describing the bottom surface

ZA = Bo + Bjr + ... + BEr6 + B7 (1 -cos O) (12)
Skip this card for special case of NPLN = 1.

Rod Node Top Surface Cards for AX a 2 (SF10.0) -

ZT(NIR)... = Top Z coordinate of each ring of nodes (distance). One or more cards as
ZT(NOR) required. If NIR = 0, then begin with ZT(1), as ZT(0) will be set to

ZT(0) = ZTOP.

Rod Node Bottom Surface Cards for AX = 2 (SF10.0) -

ZB(NIR)... Bottom Z coordinate of each ring of nodes. One or more cards as
ZB(NOR) required. If NIR = 0, then begin with ZB(l), as ZB(0) will be set to

ZB(O) = ZBOT. Skip this card for special case of NPLN = 1

Nose Node Description Card (715, 5X, 15, 5X, 2F10.0) - One or more cards are
required for each nose shape to be generated. The nose shape geometries for both 2D and
3D are given in Figures 17 and 18. The nodes at the rod interface are not generated with
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the nose generator and must therefore be previously generated with the rod generator.

The first node (N1) must be the next consecutive node after the last node (N1 - 1)

generated by the rod generator. The nose shapes are always generated pointing

downward, and the nodes are generally numbered downward, and inner to outer.

For 2D geometry the nodes on the centerline (R = 0) are restrained in the R direction. For
3D geometry, only one half the nose is generated as shown, and restraints are provided in

the Y direction, normal to the plane of symmetry (Y = 0). The number of rings must be

identical for the rod and the nose.

3 = Identification number for nose nodes geometry.

TYPE = 1 will generate a conical nose.

= 2 will generate a rounded nose. If the length of the nose is equal to the
radius, a hemispherical nose is generated.

= 3 will generate a tangent ogival nose. The length of the ogival nose

cannot be less than the radius of the nose at the rod-nose interface.

NOR = Outer node ring number. Must be identical to that of the

corresponding rod at the rod-nose interface.

NIR = Inner node ring number. Must be identical to that of the corresponding
rod.

RAD = I gives uniform radial spacing at the rod-nose interface.

= 2 requires all radial coordinates at the rod-nose interface to be input

individually.

AX = 0 gives uniform spacing of the minimum (tip) Z coordinates of each

ring. The rod-nose interface is at Z = ZTOP and the tip of the outer

ring is at Z = ZMIN.

= 2 requires all minimum (tip) Z coordinates to be input individually.

M239(6 57



CROS = 0 will not generate secondary nodes for either the 2D on the 3D

geometry.

= 1 will generate secondary nodes for 2D crossed triangle geometry or 3D

symmetric brick arrangements.

N1 = The first node in the nose. It must be the next consecutive node after

the last node (NI - 1) generated by the rod generator.

ZTOP = The Z coordinate of the rod-nose interface (distance).

ZMIN = The minimum (tip) Z coordinate of the outer ring for AX = 0.

Nose Node Top Radii Card for RAD = 1 (2F10.0) -

ROTOP = Top outer node radius at rod-nose interface (distance).

RITOP = Top inner node radius at rod-nose interface.

Nose Node Top Radii Cards for RAD := 2 (8F10.0) -

RT (NIR)... = Top radius of each ring of nodes at the rod-nose interface (distance). If

RT(NOR) NIR = 0 then begin with RT(1), as RT(O) will be set to RT(0) = 0. One
or more cards as required.

Nose Node ZMIN Cards for AX = 2 (8F10.0) -

ZMIN(NIR)... = Minimum (tip) Z coordinates for each ring of nodes (distance). If NIR =
ZMIN(NOR) 0 then begin with ZMIN(1), as ZMIN(0) will be set to ZMIN(0) = ZTOP.

One or more cards as required.

Flat Plate Description Card (1015, 3F10.0) -Two cards are requii ed for each flat

plate to be generated. There is one option for 2D geometry (TYPE = 11 and three options

for 3D geometry (TYPE = 2, 3, 4).

4 = Identification number for flat plate geometry.

TYPE = 1 generates a 2D flat plate as shown in Figure 19.
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= 2 generates a 3D circular flat plate as shown in Figure 20. (Not yet

available.)

= 3 generates a 3D rectangular flat plate where the nodes are generated

in horizontal planes as shown in the upper portion of Figure 21.

= 4 generates a 3D rectangular flat plate where the nodes are generated

in vertical planes as shown in the lower portion of Figure 21.

NX/R = Total number of nodes in the the R direction for 2D geometry

(TYPE = 1) and the total number of nodes in the X direction for the 3D

rectangular flat plate geometries (TYPE = 3, 4). For the 3D circular

flat plate geometry (TYPE = 2), NX/R is the number of rings of nodes.

Same as NOR for the rod generator.

NY = Total number of nodes in the Y direction for 3D geometry. For

TYPE = 3 and 4 only.

NZ = Total number of nodes in the Z direction.

FIX = 0 will not restrain any nodes.

= I will restrain some nodes. For 2D geometry (TYPE = 1), will restrain

in the radial direction at R = 0, if RMIN = 0.

For 3D geometry (TYPE = 2, 3, 4) will restrain nodes in the Y direction

at Y = 0, if Y1 = 0.

CROS = 0 will not generate secondary nodes for either the 2D or the 3D

geometry.

= 1 will generate secondary nodes for 2D crossed triangle geometry or 3D

symmetric arrangement.

JOIN = 0 will not eliminate any nodes.
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= 1 will eliminate the top horizontal row of nodes for 2D geometry (TYPE

= 1), the top horizontal plane of nodes for 3D geometry (TYPE = 2, 3),

and the first vertical plane of nodes (parallel to X-Z plane) for 3D

geometry (TYPE = 4). This allows a plate to be joined to another

previously generated plate.

= 2 will eliminate the left vertical row of nodes for 2D geometry (TYPE =

1) and the left vertical plane of nodes (parallel to Y-Z plane) for 3D

(horizontal layer) geometry (TYPE = 3), and the left vertical plane of

nodes for 3D (vertical layer) geometry (TYPE = 4). This option (JOIN =

2) requires proper description of INC described later.

= 3 will combine the effects of JOIN = 1 and JOIN = 2. It also requires a

proper description of INC.

N1 = Number of the first node in the plate as indicated in Figures 19, 20,

and 21. When using the JOIN option, NI should be identical to the

corresponding node generated previously.

INC = Node number increment between 2D lines of nodes and 3D planes of

nodes. Required only when plates are joined together.

For 2D geometry (with JOIN = 2 or 3) INC is the node number

increment between corresponding nodes in the vertical Z direction.

This allows the final plate (composed of multiple individual plates) to

have the nodes numbered continuously from left to right and top to

bottom. Elements can later be input as a single shape.

For 3D geometry (with JOIN = 2 or 3) INC is the node number

increment between corresponding nodes in the vertical Z direction

(TYPE = 3), and corresponding nodes in the horizontal Y direction

(TYPE = 4).

For the 3D plates (TYPE = 3 or 4) with secondary nodes (CROS = 1),

INC can be determined from the following:
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INC=5•NXT. NYT-3NXT-3•NYT+2 (TYPE = 3)

INC=5.NXT- NZT-3NXT-3.NZT+2 (TYPE = 4)

Where NXT, NYT, and NZT are the total number of nodes (for the
combined plate) in the X, Y, and Z directions, respectively.

When there are no secondary nodes (CROS = 0) then INC = NXT NYT

for TYPE = 3 and INC = NXT NZT for TYPE = 4.

X/R-EXPAND = Factor by which the X/R distance between nodes is multiplied in the
variable RPART and XPART spacing sections for TYPE = 1, 3, 4.

Applied to radial direction for the 3D circular flat plate (TYPE = 2).

Y-EXPAND = Factor by which the Y distance between nodes is multiplied in the Y
variable spacing sections for 3D rectangular flat plates (TYPE = 3, 4).

Z-EXPAND = Factor by which the Z distance between nodes is multiplied in the Z
variable spacing section, moving downward.

2D Flat Plate Card for TYPE = 1 (215, 2M5.O, 4FI0.0) -This card completes the
description of the 2D flat plate (TYPE = 1), as shown in Figure 19. The first node, N1, is
at the RMIN, ZMAX corner of the plate and the nodes are numbered across the plate
working down. Flat plates have horizontal tops and bottoms, and vertical sides. They
may be joined top to bottom (with or without crossed triangles) if the JOIN = 1 option is
used, or side to side if the JOIN = 2 option is used and the node number increment, INC,
is equal to the total number of nodes (primary and secondary) in the radial direction. A
JOIN = 3 option can also be used. Regions with variable nodal spacing may be included at

the RMAX end and/or the ZMIN end.

NREND = Number of nodes in the R variable node spacing section. The node at
the division between the uniform and the variable spacing sections is
included in this number. Set NREND = 0 for uniform spacing in the R
direction and set NREND = NX/R for variable spacing only.

NZEND = Number of nodes in the Z varia ble node spacing section. The node at
the division between the uniform and the variable spacing sections is
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included in this number. Set NZEND = 0 for uniform spacing in the Z

direction and set NZEND = NZ for variable spacing only.

RPART = Fractional part of the radial length occupied by the variable spacing.

Set RPART = 0 for uniform spacing in the radial direction.

ZPART = Fractional part of the axial length occupied by the variable spacing.
Set ZPART = 0 for uniform spacing in the axial direction.

RMAX = Maximum R co ordinate of the plate (distance).

RMIN = Minimum R coordinate of the plate.

ZMAX = Maximum Z coordinate of the plate.

ZMIN = Minimum Z coordinate of the plate.

3D Circular Flat Plate Card for TYPE = 2 (215, 2F5.O, F10.0, 1OX, 2F10.0) - This
card completes the description of the 3D circular flat plate (TYPE = 2), shown in
Figure 20. The nodal arrangement is identical to that of a solid rod, with first node N1 at

the top center of the flat plate. This geometry option allows for radial expansion factors,
which are not offered in the rod geometry. (Not yet available.)

NREND = Number of nodes in the radial variable node spacing section. The node
at the division between the uniform and variable spacing sections is
included in this number. Set NREND = 0 for uniform radial spacing

and NREND = NX/R for variable spacing only.

NZEND = Number of nodes in the Z variable node spacing sectim. The node at

the division between the uniform and variable spacing sections is
included in this number. Set NZEND = 0 for uniforni spacing in the Z

direction and NZEND = NZ for variable spacing onl3

RPART = Fractional part of RADIUS occupied by the variable spacing. Set
RPART = 0 for uniform spacing in the radial direction.
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ZPART = Fractional part of the axial length occupied by the variable spacing.
Set ZPART = 0 for uniform spacing in the axial direction.

RADIUS = Radius of the circular plate (distance).

ZMAX = Maximum Z coordinate of the plate (distance).

ZMIN = Minimum Z coordinate of the plate.

3D Rectangular Flat Plate Card for TYPE = 3 (215, 2F5.0, 6F10.0) - This option
generates nodes in horizontal planes for 3D plates. The following descriptions refer to the
upper portion of Figure 21.

NXEND = The number of nodes in the X direction in each of the two variable X
spacing regions. The node at the division between the uniform and the
variable spacing sections is included in this number. The spacing is

determined by X/R-EXPAND and the fractional length by XPART. In
Figure 21, NXEND = 4. Depending on whether NX is odd or even,
NXEND can have a maximum value of either (NX/R +1)12 or (NX/R)/2,
respectively, unless the special option discussed in XPART is used.
The remaining middle X region (if any) is uniformly spaced. Set
NXEND = 0 for uniform spacing in the X direction.

NYEND The number of nodes in the Y direction in the variable Y spacing
region. The node at the division between the uniform and the variable
spacing sections is included in this number. Spacing is determined by
Y-EXPAND and the fractional length by YPART. In Figure 21,
NYEND = 4. NYEND can have a maximum value of NY. The
remaining Y region (if any) is uniformly spaced. Set NYEND = 0 for

uniform spacing in the Y direction.

XPART = Fractional part of the total X length of the flat plate occupied by each of

the two variable X spacing regions for 0 5 XPART _ 0.5. If XPART =

0.0, the entire spacing in the X direction is uniform.

A special option for XPART = 1.0 will give variable spacing from X1 to
XN.
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YPART = Fractional part of the total Y length of the flat plate occupied by the

variable Y spacing region.

X1 = The minimum X coordinate of the plate shape (distance).

Y1 = The minimum Y coordinate of the plate shape.

Zi = The maximum Z coordinate of the plate shape.

XN = The maximum X coordinate of the plate shape.

YN = The maximum Y coordinate of the plate shape.

ZN = The minimum Z coordinate of the plate shape.

3D Rectangular Flat Plate Card for TYPE = 4 (215, 2F5.0, 6F10.0) - This option

generates nodes in vertical planes. See lower portion of Figure 21 for description.

Definition of variables is analogous to those of the TYPE = 3 variables.

Sphere Node Description Card (315, 5X, 15, 5X, 15, 5X, I5, 5X, 3F10.0) - One or

more cards are requii ed for each sphere shape to be generated. The element

arrangements are sin ilar to those used for the rounded nose geometries shown in Figure

17. For 2D geometry the first node, N1, is the central node and the nodes are numbered

consecutively in the c ockwise direction, starting at the central node and working

outwards ring by ring. Either primary only or both primary and secondary (crossed

triangle) nodes may he generated in the sphere geometry. Nodes at R = 0 are restrained

in the radial R directi in.

For 3D geometry, onlr one half the top and bottom halves are generated, and Y restraints

are provided normal to the vertical plane of symmetry at Y = 0. The sphere is generated

with the nodes numbered as two rounded circular noses having an interface between. The

top nose is generated first; viewed from the positive Z direction, this generation is

counterclockwise, upwards and inner to out( r. The bottom nose is generated with the

interface included with each spherical shell; this generation viewed from the positive Z

direction is counterclockwise, downwards aid inner to outer.
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5 = Identification number for sphere nodes geometry.

NOR = Outer node ring number.

NIR = Inner node ring number.

RAD = 0 gives uniform radial spacing of the nodal rings.

= 2 requires radii of individual rings of nodes to be input individually.

CROS = 0 will not generate secondary nodes for either the 2D or 3D geometry.

= 1 will generate secondary nodes for 2D crossed triangle geometry or

the 3D symmetric arrangement.

N1 = Number of the first node in the sphere. It is the center node for solid

spheres, and at the inner radius for hollow spheres.

RO = Outer sphere radius for RAD = 0 (distance).

RI = Inner sphere radius for RAD = 0. Set RI = 0 for solid sphere.

ZCG = Z coordinate at the center of the sphere (distance).

Sphere Node Radii Cards for RAD = 2 (8F10.) -

R(NIR)... Radius of each ring of nodes in the sphere (distance). If NIR = 0, then

R(NOR) begin with R(1), as R(O) will be set to R(O) = 0. One or more cards as
required.

PATRAN Node Card (315) - This option allows the user to generate nodes with

PATRAN, and then to incorporate them into the EPIC Preprocessor. The PATRAN file

will be read from EPIC file designation INPAT. The specific designation is defined later.

Expanded description provided later for PATRAN Element Card.

At present only node, element, and nodal displacement data packets (IDs 1, 2, 8) are

interpreted by the program. All others are discarded. As a consequence, the neutral file
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need not contain Geometry Model (Phase 1) or GFEG/CFEG table packets. This should

reduce the file size substantially.

Translational restraints may be placed on individual nodes with either the GFEG

command or the unprompted DISP command. Do not apply rotational restraints as

these are not used by EPIC. For nodes with constraints applied by both methods, the
restrictions specified in the DISP command will take precedence. The translator will
automatically place restraints on those nodes defined in the above manner. No additional
input is required.

888 = Code to direct EPIC to read PATRAN file.

N1 = Lowest node number in PATRAN file to be read and translated to EPIC
data. Specific node number, N1, must exist in PATRAN file. The EPIC
node numbers are identical to the PATRAN node numbers.

If multiple groups of nodes are input from PATRAN, it is recommended

that the groups be read in order of increasing node number. This
provides for efficient reading of the file.

NN = Highest node number in PATRAN file to be read and translated.
Specific node number, NN, must exist in the PATRAN file.

Node Scale/Shift/Rotate Identification Card (15) - This option allows the user to

change the Scale/Shift/Rotate Card data during the course of generating projectile and/or
target nodes. It is, therefore, not necessary to use the same Scale/ShifRotate card data

for all projectile nodes or for all target nodes.

999 = Code to read a new Scale/Shift/Rotate card next.

New Scale/Shift/Rotate Card (7F10.0, 2F5.0) -These input data are identical to those
described for the Projectile Scale/Shift/Rotate card. They remain in effect until another

Scale/Shift/Rotate card is read.
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c. Element Geometry

The element data are required to be consistent with the node data for the projectile

and the target. Thus, a series of composite elements, rod elements, nose elements, flat
plate elements, and sphere elements may be created. PATRAN generated data can also

be used. The input data are summarized in Figure 4. The element data for these shapes

are entered individually in the locations identified in Figure 1. There is no limit to the

number of shapes that may be used in the projectile or the target.

The element number must not exceed the dimensions of the element arrays, and they will

automatically be numbered consecutively.

It is strongly recommended that 2D triangular elements be used in a crossed triangle

arrangement and that 3D tetrahedral elements be used in a symmetric arrangement. This

provides increased accuracy for many applications (References 13, 14, 15). It is important to
note that the 2D crossed triangle or 3D symmetric arrangement allows for larger composite
sizes when compared to a simple quad or brick element. Figure 13 shows the sizes of various

composite arrangements for equal individual element volumes.

The 2D quad elements cannot be used for axisymmetric geometry with spin (GEOM = 7).

Series of Individual and Composite Elements Card (1315, 5X, F10.0) -One card is

required for each series of individual or composite elements to be generated. A summary

of the various elements is provided in Figure 15. See also Figures 11 through 14. A range
of 1D, 2D, and 3D elements can be generated. The nonreflective elements can be used to

decrease the grid by absorbing wave reflections at the boundaries (Reference 16). The 2D
shell element includes membrane stresses only. The 3D bar and shell elements are
similar to the 2D shell elements.

1 = Identification number for series of elements.

MATL = Material number for the series of elements.

NCOMP = Number of composite elements to be generated.

N1-N8 = Node numbers which describe the first of the composite elements. See
Figure 15 to determine how the various elements are input.
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For ID geometry, node N1 must have a higher Z coordinate than node
N2.

For 2D geometry, the shell/bar element will plot the thickness on the
left side of a line going frx-m node N1 to N2. Also, for a group of shell
elements input with this card, the elements must be attached to one
another and form a continuous string of elements.

The triangular elements require the nodes to be input in a
counterclockwise manner. A single triangular element (NI, N2, N3) is
generated when N4 = 0 and two triangular elements (N1, N2, N3 and
N1, N3, N4) will be generated when N4 > 0 and N5 = 0. Four
triangular elements are generated when N5 > 0 and one quad element
is generated when N5 = -1. Quad elements cannot be used with
axisymmetric (plus spin) geometry (GEOM = 7).

For 3D geometry, tetrahedral, bar, shell, and nonreflective elements
are available. The tetrahedral elements require nodes N1, N2, N3 to
be counterclockwise when viewed from node N4. This option is
exercised when N5 = N6 = N7 = N8 = 0. Six individual tetrahedral

elements are generated when N1 ... N8 are positive. Nodes N1, N2,
N3, N4, and nodes N5, N6, N7, N8 are counterclockwise when looking
from node N1 to N5, as shown in Figure 11. Composite wedge
elements, each containing three individual tetrahedral elements, can
also be generated. If N2 = N6 = 0, the first three tetrahedral elements
(A, B, C) are defined by nodes N1, N3, N4, N5, N7, N8 as shown in
Figure 11. Likewise, if N4 = N8 = 0, the first three elements (D, E, F)
are defined by nodes N1, N2, N3, N5, N6, N7.

INC = The node number increment added to the node numbers of the previous
composite element for the next composite element.

An example of input data for 3D composite brick elements is shown in
Figure 14. In the upper left it can be seen that there are four rows of
nodes ( to 4, 5 to 8, 9 to 12, 13 to 16), which are arranged to contain
three composite brick elements. If the first element is numbered 1,
then the first composite brick contains elements 1 to 6, the second
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contains 7 to 12, and the third contains 13 to 18. The first composite

brick is defined by nodes N1 = 1, N2 = 5, N3 = 9, N4 = 13, N5 = 2,

N6 = 6, N7 = 10, and N8 = 14. Note that N1 to N4 and N5 to N8 are

counterclockwib2 when looking from N1 to N5. The six individual
elements are generated according to the arrangement and order (A, B,
C, D, E, F) shown in the upper portion of Figure 12. The node numbers
for each successive brick are simply INC = 1 greater than those of

previous brick. For the second brick, for instance, NI = 1 + 1 = 2, N2 =

5+ 1 =6, N3=9+ 1 = 10, N4= 13+ 1 = 14, N5=2 + 1 = 3, N6=6+ 1=

7, N7= 10 + 1 = 11, andN8= 14 + 1 = 15.

SHELL = 0 indicates a solid 1D, 2D, or 3D element.
= 1 indicates a bar or shell element.
= 2 indicates a nonreflective boundary element.

T/A = Thickness (distance) or area (area) for shell or bar elements. If T/A > 0,
then all the elements will have identical thicknesses or areas. If T/A =

0, then the thickness or areas will be read individually.

Thickness Cards for 2D Shell Elements (8F10.0) - This card defines the thicknesses
of the shell elements at the nodal positions if they are not input in the previous card. Use

only for SHELL = 1 and T/A = 0. If there are NCOMP shell elements, there are
NCOMP+1 thicknesses to be input. These thicknesses will not be adjusted by the

Scale/Shift/Rotate cards.

T(1)... Thickness of shell element at the nodal position (distance). T(1) is the

T(NCOMP+1) normal thickness at the extreme end node at the first element and
T(NCOMP+1) is the normal thickness at the extreme end node of the
last element.

Area Cards for 3D Bar Elements (8F10.0) - Similar to thickness cards for 2D shell
elements except that the area is input as an average bar area. It is not input at the nodal
locations. Use only for SHELL = 1 and T/A = 0.

A(1)... = Area of 3D bar elements (Area). A(1) is the area of the first element
A(NCOMP) and A(NCOMP) is the area of the last element.
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Thickness Card for 3D Shell Elements (8F10.0) -Similar to the thickness card for

2D shell elements, except that the thickness is input as an average shell thickness; it is
not input at the nodal locations. If there are multiple shell elements within a composite
element, then all have the same thickness. Use only for SHELL = 1 and T/A = 0.

T(1)... Thickness of 3D shell elements (distance). T(1) is the thickness of the
T(NCOMP) first 3D shell element and T(NCOMP) is the thickness of the last 3D

shell element.

Series of 3D Tetrahedral Elements Card - Symmetric Arrangement (35) - This

is the first of two cards required to input a series of 3D tetrahedral elements in a
symmetric arrangement. Same descriptions as used previously.

Node Description Card for 3D Symmetric Arrangement (1615) -This card
describes the fifteen nodes for the first composite element. Must be in the proper order as
shown in the lower portion of Figure 12.

N1-N15 = Nodes to describe the 24 tetrahedral element in a symmetric
arrangement.

INC = Node number increment added to the node numbers of the previous
composite element for the next composite element.

Rod (Disk) Element Card (715, 5X, 215, 1OX, F10.0)- One or more cards are required
to describe elements for nodes previously generated for the rod shapes shown in Figure
16. For 2D geometry the elements are numbered consecutively across the rod, working

down layer by layer. Standard, alternating diagonal, crossed triangle, and/or quad
elements may be generated, as shown in Figure 16.

For 3D geometry the elements are numbered consecutively and are generated in layers of

composite brick elements beginning with top layer 1 and ending at bottom layer NLAY.
The entire first layer of elements is generated before the second layer, etc., and the
composite brick elements of each layer are generated in a counterclockwise manner for

each ring of elements from the inner to the outer ring. Both the nonsymmetric (6 tets to a
brick) and the symmetric arrangements (24 tets to a brick) are available.
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2 = Identification number for rod elements geometry.

MATL = Material number of a uniform material rod. MATL = 0 requires that

material numbers for each element ring be input individually.

NI = The number of the lowest numbered rod node. For the solid rod this is

the centerline node on the top end of the rod. For the hollow rod, this is

the innermost clockwise node on the top end of the rod when viewed

from the top.

DIAG = Diagonal option. For 2D geometry DIAG = 1-6 as shown in Figure 16.

For 3D geometry, DIAG =1 or 5. For DIAG = 5, the secondary nodes

must have been previously generated by setting CROS = 1.

NOER = Outer element ring number.

NIER = Inner element ring number. The inner element ring number for a solid

rod is NIER = 1. Set NIER = -1 for 3D shell elements when PLACE = 3

and a single ring of nodes is generated (NOER = NOR = NIR).

NLAY The number of layers of elements in the rod. The total number of

elements in a rod shape shown in Figure 16 is dependent on the

number of layers and the number of elements per layer. The number of

elements per layer is dependent on the inner and outer element ring
numbers. Specific numbers are given in Figure 18.

SHELL = 0 uses solid elements.

1 uses 3D shell elements. N1, DIAG, NOER, and NIER should have

same definition as if rod would be filled with solid tetrahedral

elements. For 3D geometry only.

= 2 uses 3D nonreflective elements in the outer ring number only. Same

definitions as for SHELL = 1. (Note that. 2D nonreflective elements

must be generated as a series of individual shell elements.)
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PLACE = 0 for SHELL = 0.

= 1 for 3D shell elements on the top of the rod.

= 2 for 3D shell elements on the bottom of the rod.

= 3 for 3D shell elements on the outer ring of the rod.

THICK = Shell thickness for all 3D shell elements (SHELL = 1) in the rod shape
(distance). For THICK = 0, the thicknesses for specific rows or layers
are read individually.

3D Rod Top/Bottom Shell Thickness Card for THICK = 0 (8F10.0) -This card
defines 3D shell thickness by rings for SHELL = 1, PLACE = 1 or 2, and THICK = 0 on
previous card.

T(NIER)... = Shell thicknesses for tcp or bottom of rod from inner (NIER) to outer

T(NOER) (NOER) ring (distance).

3D Rod Side Shell Thickness Card for THICK = 0 (SF10.0) -This card defines 3D
shell thicknesses by layer for SHELL = 1, PLACE = 3, and THICK = 0 on previous card.

T(1)... = Shell thicknesses for outer ring of rod from top to bottom (distance).
T(NLAY)

Rod Material Card for MATL = 0 (1615) -This card is used to specify material
numbers for individual rings of elements.

M(NIER)... = Material number for each ring of elements from inner (NIER) to outer
M(NOER) (NOER).

Nose Element Card (615, 1OX, 15, 15X, F10.0) - One or more cards are required to
describe elements for nodes previously generated for the nose shapes shown in Figure 17.
For 2D geometry the elements are numbered consecutively in the clockwise direction,
working outward ring by ring. For 3D geometry the elements are numbered consecutively

and are generated in shells of composite brick elements beginning with the innermost
shell and ending with the outermost shell. The entire first shell of elements is generated
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before the second shell, etc., and the composite elements of each shell are generated in a

counterclockwise manner for each ring of elements from the top to the bottom of each

shell.

3 = Identification number for nose geometry.

MATL = Material number of a uniform material nose. MATL = 0 requires that

material numbers for each element ring be input individually.

NI = The number of the lowest numbered nose node.

DIAG = 1 gives standard arrangement of elements without secondary nodes.

= 5 gives 2D crossed triangle arrangement or 3D symmetric brick

arrangement with secondary nodes. Requires CROS = 1 for nodes.

= 6 gives 2D quad elements.

NOER = Outer element ring number.

NIER = Inner element ring number. The inner element ring number for a solid
rod is NIER = 1. Set NIER = -1 for 3D shell elements when a single

row of nodes is generated (NOER = NOR = NIR).

SHELL = 0 uses solid elements.

= 1 uses 3D shell elements on the outer surface. Ni, DIAG, NOER, and
NIER should have same definition as if nose would be filled with solid

tetrahedral elements. For 3D geometry only.

THICK = Shell thickness for all 3D shell elements (SHELL = 1) in the nose shape

(distance). For THICK = 0, the thicknesses for specific segments are
read individually.
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3D Nose Shell Thickness Card for THICK = 0 (8F10.0) -This card defines 3D shell

thicknesses (for SHELL = 1 and T/A = 0) by segments beginning at the rod-nose interface

and working down to the tip. There are (2eNOER) segments.

T(1)... = Shell thickness for outer ring of nose from rod-nose interface to tip

T(2.NOER) (distance).

Nose Material Card for MATL = 0 (1615) -This card is used to specify material

number for individual rings of elements.

M(NIER)... = Material number for each ring of elements from inner (NIER) to outer

M(NOER) (NOER).

Flat Plate Element Card (1015, 1OX, F10.0) - One card is required for each flat plate

shape to be generated. For 2D geometry, as shown in Figure 19, the elements are

numbered consecutively across the plate, working down layer by layer. Standard,

alternating diagonal, crossed triangle, or quad elements may be generated.

For 3D geometry, as shown in Figures 20 and 21, the elements are generated in rings

(identical to that of the rod shape) for the circular plate (TYPE = 2), and rows of elements

for the rectangular flat plates (TYPE = 3 and 4). The rows of elements go in the direction

of the increasing X axis. The TYPE = 3 option generates the elements in horizontal layers

and the TYPE = 4 option generates the elements in vertical layers.

4 = Identification number for flat plate geometry.

MATL = Material number for the flat plate elements.

NI = Number of the first node of the flat plate shape.

DIAG = Element arrangement option. DIAG = 1-6 for 2D geometry as shown

in Figure 19. DIAG = 1 or 5 for 3D geometry as shown in Figures 20

and 21. DIAG = 5 is for 2D crossed triangles and 3D symmetric brick

arrangement, which require secondary nodes (CROS = 1).

TYPE = 1 will generate elements for 2D flat plate shown in Figure 19.
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= 2 will generate elements for 3D circular plate as shown in Figure 20.

= 3 will generate elements for 3D rectangular flat plate, in horizontal

layers, as shown in Figure 21.

= 4 will generate elements for 3D rectangular flat plate, in vertical

layers, as shown in Figure 21.

NLX/R = Number of composite brick elements in the X/R direction for TYPE = 1,
3, 4. In Figure 21, NLX/R = 12. For the 3D circular plate (TYPE = 2),

it is the number of rings of elements.

NLY = Number of composite brick elements in the Y direction. For TYPE = 3
and 4 only. Leave blank for TYPE = 1 and 2. In Figure 21, NLY = 6 for

TYPE = 3.

NLZ = Number of layers of composite brick elements in the Z direction. In

Figure 21, NLZ = 4 for TYPE = 3.

SHELL = 0 for all 2D elements and 3D solid tetrahedral elements.

= 1 for 3D shell elements. Use of other variables (MATL... NLZ) should

be consistent with node generation.

= 2 for 3D nonreflective boundary elements.

PLACE = 0 for SHELL = 0.

= 1 will place 3D shell elements or nonreflective boundary elements on

the positive X face for TYPE = 3 or 4.

= -1 will place 3D shell elements or nonreflective boundary elements on

the negative X face for TYPE = 3 or 4.

= 2 will place 3D shell elements or nonreflective boundary elements on

the positive Y face for TYPE = 3 or 4.
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= -2 will place 3D shell elements or nonreflective boundary elements on

the negative Y face for TYPE = 3 or 4.

= 3 will place 3D shell elements or nonreflective boundary elements on

the positive Z face for TYPE = 2, 3, or 4.

= -3 will place 3D shell elements or nonreflective boundary elements on

the negative Z face for TYPE 2, 3, or 4.

THICK = Shell thickness for 3D shell elements (distance). Use only for SHELL
= 1.

Sphere Element Card (615, 10X, 15, 15X, F10.0) -- One or more cards are required for

each sphere shape to be generated. Arrangement is similar to that used for the rounded

nose shown in Figure 17. For 2D geometry the elements are numbered consecutively in a

clockwise direction, starting at the center and working outwards ring by ring.

For 3D geometry, the bottom half cross section is identical to the rounded nose shown in

Figure 17. When viewed from the top, the elements are consecutively numbered

counterclockwise, upward and outward for the top half, and then counterclockwise,

downward and outward for the bottom half.

5 = Identification number for sphere element shape.

MATL = Material number for a uniform material nose. MATL = 0 requires that

material numbers for each ring be input individually.

NI = The number of the lowest numbered sphere node.

DIAG = 1 gives standard arrangement of elements without secondary nodes.

= 5 gives 2D crossed triangle arrangement or 3D symmetric brick

arrangement. Requires CROS = 1 for nodes.

= 6 gives 2D quad elements.

NOER = Outer element ring number.
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NIER = Inner element ring number. The inner ring number for a solid sphere

is NIER = 1. Set NIER = -1 for 3D shell elements when a single ring of

nodes is generated (NOER = NOR = NIR).

SHELL = 0 for all 2D elements and 3D solid tetrahedral elements.

= 1 for 3D shell elements on the outer node ring only.

THICK = Shell thickness for 3D shell elements (distance). Use only for

SHELL = 1.

Sphere Material Card for MATL = 0 (1615) -This card is used to specify material

numbers for individual rings of elements.

M(NIER)... Material number for each ring of elements from inner (NIER) to outer

M(NOER) (NOER).

PATRAN Element Card (315, 55X, F10.0) - This option allows the user to generate

elements with PATRAN, and then to incorporate them into the EPIC Preprocessor. The

PATRAN file will be read from EPIC file designation INPAT, which is the same file from

which the PATRAN node data were read.

A limited subset of PATRAN element geometries are supported as shown in Figure 22.

These include all the linear element topologies (BAR/2, TRI3, QUAI)/4, TET/4, WEDGE/6,

and IIEX/8) and two higher order geometries to be discussed momentarily. The first four

linear topologies can be directly transferred to EPIC elemeit types. The remaining two

(WEDGE/6 and HEX/8) require additional information to fully describe their orientations.

The PATRAN WEDGE/6 element closely mimics the EPIC wedge element. What remains

undefined is the orientation of the diagonals along the rectangular faces of the wedge. To

describe this directional dependence, the user is required to set the configuration flag

when meshing the wedge. As three rectangular faces exist, and each of these may have

the diagonal in one of two directions, a total of six configurations are possible.

A CID = 11 places the diagonal of the front face from the lower left corner to the upper

right corner; the right back face has its diagonal from lower right to upper left; and the

left back face from lower right to upper left. A CII) = 21 switches only the orientation of
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the front face (i.e., the diagonal now runs from upper left to lower right). The remaining

orientations are constructed by counterclockwise rotations of above two wedges. These

are graphically represented in Figure 22.

The HEX/8 geometries may be described as a nonsymmetric brick. I lere, too, a method of

defining the diagonal locations needs to be determined. Since the brick can be fully

described by defining one of the two nodes into which five edges converge, this node will

be taken as the origin node of the element.

As mentioned previously, two higher order topologies are supported. The f-rst, QUAD/5,

will automatically be broken down by the translator into four TRI3 elements. The

second, HEX/15, will be broken into 24 TET/4 elements. The HEX/15 element is

constructed as a HEX/27 element with mid-edge node generation suppressed. This node

suppression can be accomplished with the following PATRAN command:

CFEG, <HyperPatch ID>, HEX/27, C1/C2/C3

where <HyperPatch ID> = a previously GFEG'ed hyperpatch.

The string "C1/C2/C3" instructs the PATRAN element generator to suspend mid-edge

node generation for all edges aligned with the specified C direction. This type of higher-

order element must be generated with a GFEG/CFEG command, as it is not supported by

the automatic MESH command.

888 = Code to direct EPIC to read PATRAN file.

PL1 Lowest element number in PATRAN file to be read and translated to

EPIC data. Specific element number, PLI, must exit in PATRAN file.

The EPIC element numbers will generally be different than the

corresponding PATRAN element numbers because EPIC automatically

numbers the elements in a consecutive manner.

If multiple groups of elements are input from PATRAN, it is

recommended that the groups be read in order of increasing PATRAN

element number. This provides for efficient reading of the file.
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PLN = Highest element number in PATRAN file to be read and translated.

Specific element number, PLN, must exist in PATRAN file.

Note: If PLI and/or PLN exceed the 15 format ( 100,000), set PL1 = -1
then read PL1 and PLN on the following card in 2110 format.

T/A = 0 for all solid elements.

= 0 will designate 2D shell/bar elements, and 3D shell elements, to be
nonreflective elements.

= Thickness for standard 2D shell/bar elements and 3D shell elements.

= Area for 3D bar elements.

d. Sliding Interface Descriptions

Capabilities for sliding interfaces are provided for 1D, 2D, and 3D geometries.
Input data are summarized in Figure 5. Incluled are contact and release, as well as

specialized erosion and plugging options. Separate input formats are required for ID, 2D,

and 3D geometries. If there is more than one sliding interface, all data for the first sliding
interface are entered before entering data for subsequent interfaces. If there are no

sliding interfaces (NSLID = 0 in Prep Miscellaneous Card), this group of cards is omitted.

Sliding Interface Card for ID Geometry (215) -Only one card is required for each
1D interface.

M1 = Interface node at a lower Z coordinate than the other associated
interface node, Si.

S1 = Interface node at a higher Z coordinate than the other associated

interface node, MI.

Sliding Interface Identification Card for 2D Geometry (1015, 3F10.0) -Each 2D
sliding interface contains one sliding interface identification card and cards (as required)

describing the master nodes and slave nodes. The master nodes generally should include

the higher density material. It is also desirable for the master surface to have the
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stronger material, have equal or gre-At,'! spacing than th I,:iv(' nod4 , nd i:o' .-av a

convex surface toward the slave nodes.

The general sliding algorithm is described in Reference 17, except that both the master
and slave nodes are moved in a consistent manner. This algorithm was first introduced in
1989 and is an improvement to earlier versions. It has also been incorporated into the 3D
sliding algorithm for problems where there are no rigid body systems (NRIG = 0).

NMG = Number of groups of master nodes to be read.

NMN = Number of master nodes to be read individually.

NSG = Number of groups of slave nodes to be read.

NSN = Number of slave nodes to be read individually.

NSR = Number of regions of slave nodes to be read.

TYPE = 1 is the option used for problems with no plugging.

= 3 is the option used for 2D plugging. (Not yet available.) This option
has not been used extensively and may not be reliable under all

conditions. The plugging algorithm is similar to that developed by
Ringers (Reference 18). The user is asked to provide the value of the
plastic strain at the maximum adiabatic stress. It is at this maximum

stress where the adiabatic shear band is assumed to begin forming. A
plugging slide line is similar to a normal slide line except that a crack
may start at the master surface and extend into the material.
Implementation has been accomplished with an axisymmetric plate in
mind. When the crack reaches the back of the plate, the slide line can
be separated into two distinct pieces. The algorithm for plugging has
three states for the slide line.

The first state is before the crack has started. The entire length of the
master side of the slide line is searched every cycle to see if any

element with a node on the master line has a strain greater than the
critical strain, and a maximum shear plane through the element.
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When such an element is found, the side of the element whose direction

is closest to the maximum shear plane is taken to be the crack line.
The node on the master line is split into two nodes, each node attached
to the elements on each side of the crack. The master line is extended

to include the crack. The plugging slide line goes to the second state
and the new node is given a node number one higber than the highest
node number in the current model.

In the second state, all elements containing the node on the bottom of

the crack, and whose center lies forward of the bottom node in the
direction of the crack, are put on a watch list. The watch list is
inspected each cycle to see if any element has a sufficient strain and a
shear plane through the element. When an element meets the criteria,
the crack is extended as before. When the node at the bottom of the
crack is also on the bottom of the plate, the bottom node is also split
and the state of the slide line is advanced to the third and final state.

In the third state, no further cracking occurs and the slide line acts

much like a normal slide line.

The crack is automatically formed in all slide lines in the simulation
covering the area of the crack. This allows the use of eroding slide
lines to remove the highly distorted elements formed along the
irregular crack line. The front of the projectile can also have highly

distorted elements at the outside edge of the contact area. It appears
to be necessary to use two opposing eroding slide lines between the
projectile and the target, along with the plugging slide line, to get a
good simulation. This formulation of the plugging slide line will modify

all slide lines as necessary as the crack extends and breaks through.

Specifically, it is recommended that the first slide line be an eroding
slide line (TYPE = 1 and ERODE > 0) with the master surface on the
target. The second slide line is an eroding slide line with the master
surface on the projectile. The third slide line is a plugging slide line
(TYPE = 3 and ERODE > 0) with the master surface on the target.
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MBOT Lowest number on the bottom of the target plate when performing

perforation computations with the eroding interface option (ERODE >

0) or plugging option (TYPE = 3). All nodes above the bottom surface of

the plate must have lower node numbers than MBOT. This criterion is

satisfied when using the flat plate generator for nodes and elements.

ISR = 0 will not release restrained slave nodes.

1 will release restrained slave nodes on the Z axis (at R = 0) when they

interact with the master surface. (Not yet available for 2D geometry.)

ITI Number of velocity iterations for the slave nodes on the master surface

(References 17 and 19). Errors in the velocity match lead to errors in

the deviator and shear stresses, but generally not the pressure. For

high velocity impact and explosive detonation, where the pressures are

much higher than the deviator and shear stresses, a relatively low

value of IT1 = 1 or IT1 = 2 can be used. For lower pressure problems,

higher values should be used (ITI = 2 to IT1 = 5). The velocity

iterations and the corresponding searches on the master surface are

performed only for those slave nodes found to be in contact during the

first iteration. For the eroding interface option (ERODE > 0), use

IT1 = 1.

IT2 Number of velocity iterations of the master nodes on the slave surface.

This allows a double pass to be made such that there is no interference

or crossover on the sliding surface (References 17 and 19). If IT2 = 0,

there is no second pass, and the slave nodes can be input in any order.

With this option, it is possible to designate interior nodes (as well as

surface nodes) as slave nodes. This procedure allows elements

containing slave nodes to fail completely to simulate an eroding process

(References 14 and 20). For T2 > 0, a double pass is performed, and

the slave nodes must be input in a specified order. The double pass

option (1T2 > 0) can only he used with TYPE = 1.

REF VEL Reference velocity (distance/second), which when multiplied by the

integration time increment, gives a reference distance. Slave nodes are

considered to be associated with a particular master surface only when
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they are within this reference distance. It is recommended that REF
VEL be about 1.5 times the initial relative impact velocity or the

detonation velocity of explosives contained in the problem.

ERODE Erosion strain (equivalent or volumetric) for the eroding interface

option (TYPE = 1), or equivalent strain for adiabatic shear to begin for
the plugging option (TYPE = 3). The erosion option is for penetration/
perforation of thick plates and is activated when TYPE = 1 and ERODE
> 0. It applies to triangular elements only (with no pressure averaging)
and should only be used when erosion is the primary mode of
penetration. The algorithm and example problems are presented in
References 14 and 20. Because the total failure of the elements must
be achieved by the eroding interface algorithm, it is important that
EFAIL (a material property) be much greater than ERODE.

An eroding interface usually consists of two sets of sliding interface

data. The first slide line usually designates the top surface of the plate
as the master surface and the potentially eroded nodes in the projectile
as slave nodes. The second slide line usually designates the outer
surface of "ie projectile as the master surface and the potentially
eroded not,2s in the plate as slave nodes. This ensures that there is no
crossover of material between the projectile and the target. Under
some instances, it may only be possible to use the first slide line.

When using the erosion option with axisymmetric geometry (GEOM = 6
and 7), the radial velocities of free nodes (those whose associated
elements have all eroded) are adjusted based on the corresponding
axial velocity (RDOT = .5 1ZDOT I). Therefore, the initial target
velocity in the axial direction should be zero, otherwise the radial
velocities would be adjusted incorrectly.

The plugging option is described under the TYPE = 3 explanation.

FRICTION = Coefficient of sliding friction in the R-Z plane. Does not act in 0
direction for relative spinning velocities (GEOM = 7).
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NMG Grouped Master Node Cards (315) -This option allows master nodes to be

input in groups. The nodes must be entered in order from the first master node to the last

master node along the row of nodes. When moving from the first node to the last node,

the slave nodes must be to the left of the master surface.

MiG = First node in the group of master nodes.

MNG = Last node in the group of master nodes.

INC = Increment between the nodes in the group of master nodes.

Individual Master Node Cards for NMN > 0 (1615) - Master nodes are input

individually when NMN > 0. The nodes must be input in the proper order, as described

for the proceeding NMG Grouped Master Node Cards. Master nodes cai, be input with

both groups of nodes and individual nodes, if the individual nodes are at the far end of the

master surface.

M1...MN = Master nodes in proper order from M1 to MN.

NSG Grouped Slave Node Cards (315) - This option allows the slave nodes to be

input in groups. The slave nodes must be to the left of the master surface when moving

from the first master node to the last master node. If there is no double pass (IT2 = 0),

the slave nodes can be input in any order. If the double pass option is used (IT2 > 0), the

slave nodes must be input in the opposite direction of the master nodes. The first slave

node must be near the last master node and the last slave node must be near the first

master node. This means the master surface is to the left of the slave surface when

moving from the first slave node to the last slave node.

SIG = First node in the group of slave nodes.

SNG = Last node in the group of slave nodes.

INC = Increment between the nodes in the group of slave nodes.

Individual Slave Node Cards for NSN > 0 (1615) - Slave nodes are input

individually when NSN > 0. Restrictions on order of input are as described for the NSG

Grouped Slave Node Cards. Can be used in conjunction with the Grouped Slave nodes.
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S1.. .SN = Slave nodes in proper order from S1 to SN.

NSR Slave Node Limits Cards (4F10.0) -This option allows all nodes within a

specified region to be designated as slave nodes. As there is no specific order, this option

can be used only with IT2 = 0. Can be used in conjunction with the Grouped and

Individual slave nodes.

RMAX = Maximum R coordinate of slave node region (distance).

RMIN = Minimum R coordinate of slave node region.

ZMAX = Maximum Z coordinate of slave node region.

ZMIN = Minimum Z coordinate of slave node region.

Sliding Interface Identification Card for 3D Geometry (915, 5X, 3F10.0) - Each

3D sliding interface contains one Sliding Interface Identification Card and cards (as

required) describing the master surfaces and slave nodes. The mass and spacing of the

slave nodes should not be significantly greater than that of the master nodes in the initial

or deformed geometry unless a double pass is used. Also, the 3D slave nodes cannot be

restrained in the Z direction. The user should be familiar with the node generators before

proceeding.

The searching time for 3D interfaces can be significant. Therefore, it is important to

minimize the master surface and slave nodes when possible. Future work will be directed

at decreasing the CPU time required for 3D sliding interfaces.

NMG Number of master surface geometries required to completely define the

master surface. No special order is required as the 3D master surface

is composed of individual triangular planes.

SEEK A code describing the search routines used to find the appropriate

triangular plan on the master surface. The specialized routines

(SEEK = ±1, ±2, ±3) can be used whenever the master surface is a

single valued function of two coordinates (i.e., any vertical line parallel

to a specified axis must not pass through the master surface at more

than one point.) For eroding sliding surfaces set SEEK = 4.
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= -1 for all slave nodes on the negative X side of the master surface.

= 1 for all slave nodes on the positive X side of the master surface.

= -2 for all slave nodes on the negative Y side of the master surface.

- 2 for all slave nodes on the positive Y side of the master surface.

= -3 for all slave nodes on the negative Z side of the master surface.

= 3 for all slave nodes on the positive Z side.of the master surface.

= 4 for the generalized search routine. Every master triangular surface
is considered for each slave node. If a slave node is contained in the
triangular projection (onto a principal plane) of one or more master

surface triangles, and if it is close to the triangular plane I Sn I <

REF VEL. DT, then the master plane closest to the slave node is

selected. 8n is the normal distance between the slave node and the
master plane, REF VEL is the reference velocity given on this card and
DT is the integration time increment. If the slave node projection is
not within any master triangular projections but is close normally to at

least one triangular plane I 8n I < REF VEL- DT, and if the distance
from the slave node projection to the master triangular projections is

small, 18 edge I < REF VEL. DT, then the master triangle with the

smaller 18 edge I is selected. More detail is given in Reference 19.
(When the master surface has acute concave angles toward the slave
nodes, it is sometimes possible for a slave node to pass through the
master surface. This will be corrected in future versions.)

NSG = Number of groups of slave nodes to be read.

NSN = Number of slave nodes to be read individually.

NSR = Number of regions of slave nodes to be read.

TYPE = 1 is the only option available.
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MBOT = Lowest numbered node on the bottom surface. Used only for an

eroding plate to detect erosion through the bottom of the plate. All

nodes above the bottom surface of the plate must have lower nodes
numbers than MBOT. This criteria is satisfied when using the 3D rod

generator, or the 3D flat plate generator with TYPE = 2 or 3. Other 3D

erosion problems can be handled by placing part of the master surface
at the entry surface and part at the exit surface.

ISR = 0 will not release restrained slave nodes.

= 1 will release slave nodes from the plane of symmetry (at Y = 0) when

they interact with the master surface.

IT Number of velocity iterations. Errors in the velocity match lead to

errors in the deviator and shear stresses, but generally not the
pressure. For high velocity impact, where the pressures are much

higher than the deviator and shear stresses, a relatively low value of

IT = 1 or IT = 2 can be used. For lower pressure problems, higher

values should be used, IT = 2 to IT = 5. The velocity iterations are

performed only for those slave nodes found to be in contact during the
first iteration. For sliding surfaces with many slave nodes in contact

and many master nodes, high values of IT can lead to significant
increases in CPU time. For the eroding interface option (ERODE > 0),

use IT = I.

REF VEL Reference velocity (distance/second), which when multiplied by the
integration time increment, gives a reference distance. Slave nodes are

considered to be associated with a particular master surface only when

they are within this reference distance. It is recommended that REF
VEL be about 1.5 times the relative impact velocity, or the detonation
velocity of explosives contained in the problem.

ERODE Equivalent plastic strain (or volumetric strain), which if exceeded by

any element on the master surface, will cause the element to be
completely failed. Subsequently, the master surface will be redefined
to go around the failed element. This allows for penetration and
perforation of thick plates. If ERODE = 0, then erosion is not used.
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For 3D erosion problems, ERODE for all sliding interfaces must be

identical. The specific erosion algorithm is described ini Reference 16.

Because total failure of the elements must be achieved by the eroding

interface algorithm, it is important that EFAIL (a material property)

be much greater than ERODE.

Can use single or double pass, as described for the 2D erosion. A

double pass may significantly increase the CPU time.

FRICTION = The coefficient of sliding friction.

Master Definition Card for Rectangular Plate Geometry (215, 5X, 515) - One card

is required to describe a master surface on a rectangular flat plate (MGEOM = 1) as

shown in Figure 23. This is consistent with the Rectangular Flat Plate Geometry

Generator shown in Figure 21.

1 = Identification number for flat plate geometry (MGEOM = 1).

M1 = Node number of the reference node on the master surface as shown in

Figure 23.

DIAG = 1 is for the diagonal orientation shown in Figure 23.

= 2 is for the diagonal orientation where the diagonals go in the general

direction away from the M1 reference node.

= 5 is for the symmetric element arrangement where there are secondary

nodes. This generator only handles the top and bottom surfaces of a

plate where IDL or IDW is ± 1. The other surfaces can be handled by

the General Geometry option.

NML = Number of nodes per row of master nodes. NML is equal to N in Figure

23. Each row of master nodes must have the same number of nodes.

NMW = Number of rows of master nodes. NMW is equal to M in Figure 23.

Note that a properly described master surface will pass the following
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test. Place a right-handed triad of orthogonal vectors on node M1.

Point the first vector (thumb) away from the master surface towards

the slave nodes. Point the second vector (index finger) down the row of

nodes starting at MI. The third vector (second finger) will then point

in the direction of the remaining rows of nodes.

IDL = The node number increment along the rows of master nodes. If M1
100, NML = 6, and IDL = 2, then the first row of nodes in the master

surface consists of nodes 100, 102, 104, 106, 108, 110. IDL may be

negative.

IDW = The node number increment between the first node in each row. If

IDW = 20 and MI, NML, and IDL are as described in the preceding

description of IDL, then the second row of master nodes consists of

nodes 120, 122, 124, 126, 128, 130. IDW may be negative.

Master Definition Card for Rod-Nose Geometry (715) - One card is required to

describe a master surface on the outer surface of a rod and a nose (MGEOM = 2) as shown
in Figure 23. This is consistent with the Rod and Nose Generator shown in Figures 16

and 17. This opticn can be used for deep penetration problems when the projectile is

significantly harder than the target. The master surface contains all external triangular
planes on the nose and specified triangles in the rod. The reference master node, M1, is at

the tip of the nose as shown in Figure 23.

For this option the slave nodes are generally in the target. It is recommended that ISR =

I in the Sliding Interface Identification Card, if there are any restrained nodes on the

plane of symmetry at Y = 0. Use of this option will release the restraint when the slave

node comes in contact with the master surface.

2 = Identification number for rod-nose geometry (MGEOM = 2).

M1 = Node number of the reference master node at the tip of the nose, as

shown in Figure 23.

MCODE = I will place master surface on the inside of a hollow rod-nose shape.

= -1 (or 0) will place master surface on the outside of the rod-nose shape.
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DIAG = 1 is for the nonsymmetric element arrangement as shown in Figures 16

and 17. No secondary nodes.

= 5 is for th( symmetric element arrangement as shown in Figures 16

and 17. Iicludes secondary nodes.

NOR = Outer node ring number of the nose and the rod of the projectile.

NIR = Inner ring number.

NPL = Number of planes of nodes in the rod included in the master surface.

The interface of the rod and the nose is considered to be plate number

1. If NPL = 2, then the master surface would include all triangular

faces on the nose, plus those between the interface plane of nodes and

the plane of nodes directly above the interface plane.

Master Definition Card for Circular Plate (Disk) Geometry (515) - One card is

required to describe a master surface on a disk (MGEOM = 3). This option can be used if

the master surface is on a disk whose nodal arrangement is equivalent to that of the rod

generator or the circular flat plate generator as shown in Figures 16 and 20. (A disk is

simply a short rod or cylinder.) The reference node, M1, is at the center of the master

surface as shown in Figure 23. The rod for this case must be solid (NIR = 0) and cannot

be hollow (NIR > 0).

3 = Identification number for disk geometry (MGEOM = 3).

M1 = Node number of the reference master node at the top center of the disk,

as shown in Figure 23.

MCODE = 1 indicates the master surface is on the top surface of the disk (the

lower node numbers are on the top).

= -1 indicates the master surface is on the bottom of the disk.

DIAG = 1 is for the nonsymmetric element arrangement as shown in Figures 16

and 20. No secondary nodes.
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= 5 is for the symmetric element arrangement as shown in Figures 16

and 20. Includes secondary nodes.

NRING = Maximum node ring number included in the master surface. Can be

less than the number of rings used to generate the entire disk.

Master Definition Card for Cylinder (Rod) Geometry (715) - One card is required

to describe a master surface on the outer or inner surface of a cylinder or rod (MGEOM =

4) as shown in Figure 23. This is consistent with the rod and circular plate generators

shown in Figures 16 and 20. The reference node, M1, is on the lower end of the cylinder

as shown in Figure 23. Higher node numbers are on the lower end.

4 = Identification number for Cylinder (Rod) geometry (MGEOM = 4).

M1 = Node number of the reference master node on the lower end of the

cylinder as shown in Figure 23.

MCODE 1 indicates the master surface is on the inside of the cylinder. For this

option, the reference master node, M1, is on the plane of symmetry, on

the positive X axis, when the cylinder is in a vertical position about the

Z axis.

= -1 indicates the master surface is on the outside of the cylinder. For

this option the reference node is on the negative X axis.

DIAG = I is for the nonsymmetrP; element arrangement as shown in Figures 16

and 20. No secondary nodes.

= 5 is for the symmetric element arrangement as shown in Figures 16

and 20. Includes secondary nodes.

NOR = Outer ring number.

NIR = Inner ring number. For a solid rod NIR = 0.

NPL = Number of planes of nodes included in the master surface. First plane

is at node M 1 and additional planes move upward.
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Master Definition Card for General Geometry (815) - One card is required to

describe a general series of triangular master planes (MGEOM = 5) as shown in Figure

23. This option can be used when it is necessary to describe a general master surface
which cannot be defined by the other master surface generators (MGEOM = 1, 1, 3, 4).

5 = Identification number for General Geometry (MGEOM = 5).

NCOMP = Number of composite groups of triangular surfaces to generate. Each
composite group contains one (M4 = 0), two (M4 > 0 and M5 = 0), or
four (M5 > 0) triangles. In Figure 23 NCOMP = 3 for both cases shown.

INC = Node number increment (positive or negative) between corresponding
nodes in each composite group of triangular elements.

M1 = Number of reference master node. Nodes Ml, M2, and M3 must be
counterclockwise when viewed from the slave node side of the master
surface.

M2 = Number of second node.

M3 = Number of third node.

M4 = Number of fourth node. If M4 = 0, only one triangle will be generated
for each composite group of triangles. If M4 > 0 and M5 = 0, then M1,
M2, M3, and M4 must be counterclockwise, and two triangles (M1, M2,
M3, and M1, M3, M4) are generated for each composite group, as

shown in Figure 23.

M5 Number of fifth node. If M5 = 0, only one or two triangles are formed

for each composite group of triangles. If M5 > 0, then four triangles are
generated for each composite group of triangles, as shown in Figure 23.

Master Definition Card for PATRAN Geometry (315) - This option allows the user
to generate master surfaces with PATRAN, and then to incorporate them into the EPIC
Preprocessor. The PATRAN file will be read from EPIC file designation, INPAT, which is

the same file from which the node and element data are read.
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A master surface may be defined in PATRAN with TRI/3, or QUAD/5 elements paved
over the top of an existing hyperpatch face. The QUAD/5 element will generate four
individual triangular surfaces. For the individual TRI/3 elements, the diagonals must be
properly aligned. Nodes for both the TRI/3 and QUAD/5 must be in a counterclockwise

order when viewed from the slave node position. Master surfaces can be generated as
follows:

" Create a duplicate patch along the face of the hyperpatch which requires a sliding
surface

" GFEG-CFEG this patch to match the meshing on the corresponding face of the
hyperpatch. Keep track of the first and last element IDs on this patch.

* EQUIV the active set to force the duplicate patch to attain the same node numbers as
the hyperpatch face.

888 = Code to direct EPIC to read PATRAN file.

PL1 = Lowest element number in PATRAN file to be read and translated to
EPIC master surface data. Specific element number, PL1, must exist
in PATRAN file.

PLN = 'lighest element number in PATRAN file to be read and translated.
Specific element number, PLN, must exist in PATRAN file.

Note: If PLI and/or PLN exceed the 15 format (>100,000), set PL1 = -1
and then read PL1 and PLN on the following card on 2110 format.

NSG Grouped Slave Node Cards (315) - This option allows the slave nodes to be
input in groups.

SIG = irst node in the group of slave nodes.

SNG = Last node in the group of slave nodes.

INC = Increment between the nodes in a group of slave nodes.
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Individual Slave Node Cards for NSN > 0 (1615) - Slave nodes are input individually

when NSN > 0. Can be used in conjunction with the grouped slave nodes.

S1...SN = Slave nodes (in any order).

NSR Slave Node Limits Cards (WF10.0) - This option allows all nodes in a specified
region to be designated as slave nodes. Can be used in conjunction with the grouped and

individual slave nodes.

XMAX = Maximum X coordinate of slave node region (distance).

XMIN = Minimum X coordinate of slave node region.

YMAX = Maximum Y coordinate of slave node region.

YMIN = Minimum Y coordinate of slave node region.

ZMAX = Maximum Z coordinate of slave node region.

ZMIN = Minimum Z coordinate of slave node region.

2. INPUT DATA FOR THE MAIN ROUTINE

The function of the Main Routine is to perform the computations. It may be used in
conjunction with the Preprocessor, or it can read initial conditions from the restart file
which has been previously generated from a Preprocessor run or another Main Routine

run. The following descriptions are for the data in Figure 6. Consistent units must be

used and the unit of the time must be in seconds.

Restart Description Card (215, A70) - This card is used only for restart runs. If the
Main Routine is run in conjunction with the Preprocessor (TYPE = 2 on Preprocessor
Miscellaneous Card), then this card is omitted.

3 = Code to indicate restart run.

CASE = Case number for run. Must be identical to case number from previous
run.
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MAIN = Description of problem provided by the user.

DESCRIPTION

Time Integration Card (I5, 5X, 7F10.0) -

CYCLE = Cycle number at which the run begins. The cycle numbers for which
restart files are written are given in the printed output of the previous
run (Preprocessor or Main Routine). If CYCLE = 0 the restart is

requested on the basis of time.

TIME = Time (second) at which the restart is requested (for CYCLE = 0).
Restarts can be requested by CYCLE or TIME.

DTMAX = Maximum integration time increment which will be used for the

equations of motion (second).

DTMIN = Minimum integration time increment allowed (second). If exceeded,
the results will be written onto the restart file and the run will stop.

SSF = Fraction of the sound speed transmit time used for the integration time
increment. Must be less than 1.0. General practice is to use SSF = 0.9.
However, 3D eroding interfaces sometimes may require a lower value

down to approximately SSF = 0.5.

TMAX = Maximum time the problem is allowed to run (second). This time

refers to the dynamic response of the system, not the central processor
time (CPMAX) described next. The results at time = TMAX are written
onto the restart file, and the run is discontinued.

CPMAX Central processor time at which the results will be written onto the
restart file and the run will stop. The time units for this input can be

seconds, minutes, or hours. It should coincide with the units the
specific computer uses to measure central processor time.

EMAX = Upper limit for total kinetic energy. This is used for numerical
instability checks. The run will stop if the kinetic energy exceeds
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EMAX. If left blank, EMAX will automatically be set to 1.5 times the

initial total energy.

Main Miscellaneous Card (215, 5X, 315, F10.0, 1OX, F10.0) -

TPLOT = 0 will not read input and write time plot data to a file.

= 1 will read input and write specified time plot on a file for eventual

postprocessing.

DROP = 0 will not allow problem size to be reduced.

= 1 will allow the problem size to be reduced at a specified time.

*PRES = 0 gives no applied pressures read or applied.

= 1 will use pressure data which was input in a previous run. (Not yet.

available.)

= 2 will read applied pressures to be used in subsequent computations.
(Not yet available.)

PUSH = 0 gives no applied nodal velocities read or applied.

= I will use applied nodal velocity data which was input in a previous
run. (Not yet available.)

= 2 will read applied nodal velocity data to be used in subsequent
computations. (Not yet available.)

HRG = 0 will not compute hourglass viscosity.

= 1 will use hourglass artificial viscosity for 3D nonsymmetric brick

element arrangements, when computing average pressures
(VFRACT > 0) for solid materials (MTYPE = 1). This is generally not

required. (Not yet available for 2D geometry.)
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VFRACT = Fraction of initial volume of a composite 2D quad composed of two

triangles or a composite 3D brick composed of six tetrahedral elements,

at which an individual element pressure is computed. Applied to

DIAG = 1-4 for 2D geometry and DIAG = 1 for 3D geometry. Applies

only to solid materials (MTYPE = 1).

A single average pressure is computed for the two (2D) or six (3D)

elements in the composite element until one or more achieve a relative

volume less than VFRACT. This average pressure technique reduces

the number of incompressibility constraints and provides significant

increased accuracy for these element arrangements (References 13 and

15).

When the relative volume of a specific element falls below VFRACT,

then an individual pressure is computed for that element, and the

remaining elements (if any) use an average pressure.

PMAX = Maximum pressure allowed in any element (force/area). Pressure will
not be limited if PMAX = 0. (Not yet available.)

Plot Card for TPLOT = 1 (415, 6F10.0) - This card specifies system, chunk, node, and

element time history data to be written onto a file for eventual postprocessing.

SYS = 0 will not write the system and chunk data on the time plot file.

= I will write all the system and chunk data on the time plot file.

NPLOT = Number of nodes for which data will be written on the time plot file.
The individual nodes are specified on the Designated Nodes Card.

LPLOT = Number of elements for which data will be written on the time plot file.

The individual elements are specified on the Designated Elements

Card.

DPLOT = 0 will not provide dynamic plots.

= 1 will provide dynamic plots as run progresses. (Not yet available.)
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DT SYS = Time increment at which the system data are written on the time plot

file (second). These quantities do not vary as rapidly as do the

individual node and element data so a larger time increment can be

used. These quantities also require more CPU time to compute, so a

larger DT SYS reduces CPU time.

TSYS = Time at which the first system data are written on the time plot file

(second). If left blank, the time at the beginning of the Main Routine

run will be used. For a restart run, if TSYS < TIME, then these time

plots will also be restarted from previous run.

DT NODE = Time increment at which the individual node and element data are

written on the time plot file (second). These quantities vary more
rapidly than the system data so a smaller time increment should be

used.

TNODE = Time at which the first individual node and element data are written

on the time plot file (second). For a restart run, if TNODE < TIME,
then these time plots will also be restarted from previous run.

DT DYN = Time increment at which the dynamic plots are generated (second).

T DYN = Time at which the dynamic plots begin (second).

Designated Nodes Card for NPLOT > 0 (1615) - This card is used only if there are

node data to be written on the plot file (NPLOT > 0 on the plot card).

N1...NN = Individual node numbers for which data will be written on the plot file.

May be input in any order. Program will sort and put in ascending
order. Must also be input for subsequent restart runs if data are

desired.

Designated Elements Card for LPLOT > 0 (1615) - This card is used only if there

are element data to be written on the plot file (LPLOT > 0 on the plot card).

E1...EN = Individual element numbers for which data will be written on the plot

file. May be input in any order. Program will sort and put in
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ascending order. Must also be input for subsequent restart runs if data

are desired.

Note: If any elements, E1...EN, exceed the 15 format ( 100,000), set

E1 = -1 and then read E1...EN on the following card(s) in 8110 format.

Dynamic Plot Card for DPLOT = 1 (615, 2F10.0)- This card provides information for

the specific type of dynamic plots requested.

LINE = 0 will not plot the lines (sides) around the individual elements.

> 0 will plot the lines (sides) around the individual elements. The color of

the lines is coded to the specific value of LINE.

SIDEL = 0 will plot the element lines (sides) on the actual coordinates.

= 1 will plot the lines on the negated R coordinate only. For 2D geometry

only (GEOM = 4, 5, 6, 7).

= 2 will plot the lines on both the actual and negated R coordinates. For
2D geometry only.

NMAT = Number of materials to be defined to plot as specific colors. NMAT = 0
will not plot colors for specific materials.

SIDEM = 0 will plot the material colors on the actual coordinates.

= 1 will plot the material colors on the negated R coordinates only. For

2D geometry only (GEOM = 4, 5, 6, 7).

= 2 will plot the material colors on both the actual and negated R

coordinates. For 2D geometry only.

VAR = Code to specify element variable to be plotted as color contour or fringe
plots. VAR = 0 will not plot element variables.
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VAR Variable Plotted

11 Pressure

12 Von Mises Stress

13 Equivalent Plastic Strain

14 Damage/Burn Fraction

15 Temperature

16 Plastic Work

17 Internal Energy

18 Log (10) Strain Rate

19 Net XIR Stress

20 Net YfT Stress

21 Net Z Stress

SIDEV = 0 will plot the variable colors on the actual coordinates.

= 1 will plot the variable colors on the negated R coordinates only. For

2D geometry only (GEOM = 4, 5, 6, 7).

= 2 will plot the variable colors on both the actual and negated R
coordinates. For 2D geometry only.

VMAX = Maximum value of the variable to be plotted.

VMIN = Minimum value of the variable to be plotted.

Material Designation Card for NMAT > 0 (1615) -This card defines the NMAT
materials to be plotted. Required only for NMAT > 0.

M1...MN = Material numbers to be plotted as specific colors.

Color Designation Card for NMAT > 0 (1615) -This card defines the specific color
codes for the materials request. Required only for NMAT > 0.

C1...CN Color codes for materials MI...MN.
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Dynamic Plot Limits Card (6F10.0) - This card defines the geometric region of the

problem to be included in the Dynamic Plots.

X/RMAX... Coordinate limits for dynamic plots. Set YMAX = YMIN = 0 for all 2D

ZMIN )lots, and for 3D plots at Y = 0.

Drop Card for DOP = 1 (F10.0, 15, 5X, 415, 5X, 315, 2X, 311, 15) - This card is used

only if changes are made which reduce the size of the problem. The portions of the

problem which remain are those which were input first. Common uses are to drop the

explosive gases after a liner has been accelerated, or to drop the target after a projectile

has perforated the target.

TDROP = Time at which the drop (problem size reduction) occurs (second).

NNODE = Total number of nodes which remain in the revised problem.

NELE = Tctal number of elements which remain in the revised problem.

Note: If NELE exceeds the 15 format ( 100,000), set NELE = -1 and

then read NELE on the following card in 110 format.

NSLID = Number of sliding interfaces which remain in the revised problem.

NRIG = Number of rigid systems of nodes which remain in the revised problem.

NCHNK = Number of subsystems of chunks of elements which remain in the

revised problem.

NZONE = Number of reg-ions for automatic rezoning which remain in the revised

problem.

NPLOT = Number of nodes, for which time-history data are written, which

remain in the revised problem. Because these are sorted at input, only

the lowest numbered nodes remain.
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LPLOT = Number of elements, for which time-history data are written, which

remain in the revised problem. Because these are sorted at input, only

the lowest numbered nodes remain.

IX/R, 1Y, IZ = Rigid surface designations which will be in effect. See description in

Prep Miscellaneous Card. Must redefine even if no changes are to be

made.

NFAIL = Number of elements which will be designated to fail totally. This type

of failure sets all stresses in the element to zero. It essentially makes

the element disappear except that mass is retained a the nodes.

Designated Element Failure Card for NFAIL > 0 (1615) -This car I is used only if

there are elements to be totally failed (NFAIL > 0).

EF1... EFN = Elements to be totally failed in the revised problem.

Note: If any elements, EF1...EFN, exceed the 15 format (>100,000), set

EF1 = -1 and then read EF1...EFN on the following card(s) in 8110

format.

Pressure Cards for PRES = 2 (615, F10.0) - These cards describe the applied

pressures and the elements to which they are applied. If other pressures were used

previously, they are all deleted, and the only applied pressures which act are those that

are input in the current run. End with a blank card as shown in Figure 6. (Not yet

available.)

ELE1 = The first element in a series of elements, to which pressure is applied.

ELEN = The last element in a series of elements.

Note: If ELE1 and/or ELEN exceed the 15 format ( 100,000), set

ELE1 = -1 and then read ELEl and ELEN on the following card in

2110 format.
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ELE INC = The element number increment between ELE1 and ELEN. If ELE1 =

100, ELEN = 120 and ELE INC = 5, then pressures are applied to

elements 100, 105, 110, 115, and 120.

N1 = A specified node number of element ELE1 which is used to determine
where the pressure is applied.

For 1D geometry, N1 is the node to which the pressure is applied.

For 2D geometry (shell/bar, triangles, quads) the pressure is applied
normal to the line between nodes N1 and N2 in the general direction of

node N3. For shell/bar elements, reference node N3 would be

counterclockwise going from N1 to N2.

For 3D geometry, with tetrahedral elements, the pressure is applied to

the triangular face opposite of node N1. For 3D shell elements the

pressure is applied normal to the triangular face where N1, N2, and N3

are in a counterclockwise arrangement.

NN = The node corresponding to node N1, which is on element ELEN.

NODE INC = The node number increment between N1 and NN. For 3D tetrahedral
elements described under ELE INC (100, 105, 110, 115, 120), if NI =

200, NN = 208, and NODE INC = 2, then the pressures are applied to
the triangular faces opposite nodes 200, 202, 204, 206, 208, of elements

100, 105, 110, 115, 120.

PRESSURE = The pressures which are applied to the faces of the elements described
on this card (force/area).

Time-Pressure Cards for PRES = 2 (2F10. ) -These cards allow the applied

pressures to be varied as a function of time. A minimum of two cards must be used, which

span the time from the beginning of the run to TMAX. End with a blank card as shown in
Figure 6.

PTIME = The time corresponding to P(T). Cards must be input in order of
increasing time (second).
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P(T) The factor by which all pressures are multiplied at the corresponding

time. Intermediate values are linearly interpolated between values at

specified times.

Velocity Cards for PUSH = 2 (315, 5X, 3F10.0) - These cards describe the applied

velocities and the nodes to which they are applied. If other applied velocities were used

previously, they are all deleted, and the only applied velocities which act are those that

are input in the current run. This option will generally require EMAX to be defined in the
Time Integration Card. End with a blank card as shown in Figure 6. (Not yet available.)

Ni = The first node, in a series of nodes, to which the velocity is applied.

NN = The last node in a series of nodes.

INC = The node number increment between NI and NN.

X/RDOT = X/R velocity imposed on nodes N1 ... NN (distance/time).

Y/TDOT = Y/ velocity imposed on nodes N1 ... NN.

ZDOT = Z velocity imposed on nodes N1... NN.

Time-Velocity Cards for PUSH = 2 (2F10.0) - These cards allow the applied velocities

to be varied as a function of time. A minimum of two cards must be used, which span the

time from the beginning of the run to TMAX. End with a blank card as shown in Figure 6.

VTIME = The time corresponding to V(T). Cards must be input in order of

increasing time (second).

V(T) = The factor by which all applied velocities are multiplied at the

corresponding time. Intermediate values are linear interpolated

between values at specified times.

Data Output Cards (4F10.0, 815) - These cards are used to specify various forms of

output data at selected times, and the last card must be for a time greater than TMAX

even though output will not be provided for that specific time. Recall that output is
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automatically provided at TMAX, and a data output card need not be provided for this

time. End run with a blank card.

TIME = Time at which output data will be provided (second).

ECHECK = Code which governs the printed output. The following options are

provided:

1. If ECHECK > 999., the individual node data and element data will not
be printed. Only system data such as cg positions, momenta, energies,

and average velocities are provided for the projectile, target, and total

system.

2. If ECHECK is less than 999., the system data and individual element

data will be printed for all elements (except explosives) which have an

equivalent plastic strain equal to or greater than ECHECK. For

example, if ECHECK = 0.5, all elements with equivalent plastic

strains equal to or greater than 0.5 will have data printed.

NCHECK Net nodal velocity used to govern printed output for nodes. If

ECHECK is less than 999., and the net nodal velocity is greater than
NCHECK, then the nodal data will be printed.

RDAMP Radial damping constant, CD in Equation (38) of Reference 1 for use in

axisymmetric geometry with spin only (GEOM = 7). If this option is to

be used, Reference 1 should be consulted. This damping acts until the

time specified in the following Data Output Card.

SAVE = 0 will not write results unless run is stopped.

= -1 will not write results even if run is stopped.

= 1 will write results on same restart file (IRESIN) for possible restart

runs or state plots. Previous and current run are on same restart file.
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= 2 will write results on a different restart file (IRESOT) for possible

restart runs or state plots. Previous and current run are on different

restart files.

= 3 will write results to a file named EiPj.RES, opened on channel

IRES03 and closed immediately after writing. In the file name,

i = PCASE on the Prep Miscellaneous card and j is an index count for

each set (PATRAN and/or restart) of output files requested.

BURN = 0 will print all explosive element data if ECHECK < 999.

= 1 will print only those explosive elements which have been fully

detonated if ECHECK < 999.

= 2 will not print any explosive element data.

YPRNT = 0 will not restrict 3D output.

= 1 will restrict printing of 3D node data to nodes with Y = 0 and to

element data to elements with one face on the Y = 0 plane. ECHECK
and NCHECK limitations also apply.

NDATA = Interval of cycles at which cycle data will be printed. If NDATA = 2,
cycle data will be printed for every other cycle (2, 4, 6, etc.). If left

blank, cycle data will be printed for every cycle.

SLPR = 0 will not print current sliding interface data.

= 1 will print current data (master and slave) for eroding sliding

interfaces only.

= 2 will print current data for all sliding interfaces in problem.

PROJ = 0 will print requested data for both the projectile and the target.

= 1 will print requested data for the projectile only.
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= 2 will print requested data for the target only.

PAT = 0 will not write PATRAN data.

= t will write PATRAN neutral model data to file "EiPj.MDL."

= -1 is similar to PAT = 1, except that for 3D geometry only data on the

plane of symmetry (Y = 0.0) are written. This greatly reduces the size

of 3D files.

= 2 will write PATRAN model file and nodal results to file "EiPj.NOD."

= -2 is similar to PAT = 2 as described previously.

= 3 will write PATRAN model file and element results to file "EiPj.ELE."

= -3 is similar to PAT = 3 as described previously.

= 4 will write all three files.

= -4 is similar to PAT = 4 as described previously.

Where i = PATRAN case identifier (PCASE) on Prep Miscellaneous

Card, and j = index count for each set (PATRAN and/or restart) of

output files requested.

The model file contains the geometry information (nodal coordinates,

element ID, etc.) to describe the model. Additional PATRAN Name

cards are included for convenience and are described below. These may

be accessed in PATRAN with the NAME command.

PROJN = List of all projectile nodes.

PROJE = List of all projectile elements.

TARGN = List of all target nodes.
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TARGE = List of all target elements.

MST'i = List of master nodes on sliding interface i (i = 1, NSLID).

SLVi = List of slave nodes on sliding interface (i = 1, NSLID).

The nodal results file contains results information and may be used to

plot contours on the nodal properties listed below. Contours may be

generated with the PATRAN command RUN, CONTOUR, COL, i.

Property PATRAN Column No.

X/R Velocity 1

Y/O Velocity 2

Z Velocity 3
Net Velocity 4

The element results file contains results information and may be used

to plot contours on the following element properties. Contours may be

generated as above.

Property PATRAN Column No.

Pressure 1

Von Mises Stress 2

Equivalent Strain 3

Damage/Burn Fraction 4
Temperature 5

Log (10) Strain Rate 6

RZONE = 0 will not perform an automatic rezone.

= 1 will perform automatic rezone of the regions specified previously.
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3. INPUT DATA FOR THE POSTPROCESSOR

The function of the Postprocessor is to provide plots of the results in the form of state
plots and time plots. The state plots show results for the entire system at a specified
time, and the time plots show results for a specified variable as a function of time.

a. State Plots

Input data for state plots are summarized in Figure 7. Included is the capability to
plot geometries, velocity vectors, contours of several variables, various jet characteristics,
and behind target debris. Plots can be requested in the order of increasing time and cycle
numbers and by either time or cycle number. By using the time option, it is possible to
request plots without having access to the output from the Main Routine. The times at
which data are requested must simply coincide with those specified on the Data Output

Cards of the Main Routine. End state plot data with a blank card.

Geometry Plot Card for 2D and 3D (215, F10.0, 812, 14X, A30) -

1 = Code to specify geometry plot.

CYCLE = Cycle number of the plot which is desired. The cycle numbers of the
data written on the restart file are given in the printed output of the
Preprocessor and the Main Routine. If CYCLE = 0, the plots are
requested on the basis of time.

TIME = Time of the plot which is desired (second). Plots can be requested by

either TIME or CYCLE.

AXES = 0 will use the axes (X/R, Y, Z) from the previous plot. This option
allows deformed geometry to be plotted together with contours or
velocity vectors, for instance.

= 1 will automatically compute the (X/R, Y, Z) axes to include all nodes.
The vertical axis is specified to be 10 units, and the horizontal axis is
as required, using the same scale as the vertical axis.

= 2 will read the coordinate limits of the plot.
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VIEW = 0 for 1D or 2D geometry (GEOM = 1-7).

= 1 provides 2D plot of X-Z axes. For 3D geometry only (GEOM = 8).

= 2 provides 2D plot of Y-Z axes. For 3D geometry only.

= 3 provides 2D plot of X-Y axes. For 3D geometry only.

= 4 provides 3D perspective plot. For 3D geometry only.

= 5 provides 2D cutting plane plot with cutting plane parallel to the X-Z

plane. For 3D geometry only.

= 6 provides 2D cutting plane plot with cutting plane parallel to the Y-Z

plane. For 3D geometry only.

= 7 provides 2D cutting plane plot with cutting plane parallel to the X-Y

plane. For 3D geometry only.

= 8 provides a 2D cutting plot using an arbitrarily positioned cutting
plane. For 3D geometry only.

ORIENT = 0 will specify the Z axis as the vertical axis and the R axis as the
horizontal axis. For ID or 2D geometry only (GEOM = 1-7).

= 1 will specify the R axis as the vertical axis and the Z axis as the

horizontal axis. For ID or 2D geometry only (GEOM = 1-7).

SIDE = 0 will plot the grid on the actual coordinates.

= 1 will plot the grid on the negated R coordinates only. For 2D geometry

only (GEOM = 4, 5, 6, 7).

= 2 will plot the grid on both the actual and negated R coordinates. For

2D geometry only.

3 will not plot the grid.
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EDGE = 0 plots no outline around the edges.

= 1 plots an outline on the negated R coordinate only. For 2D geometry

only (GEOM = 4, 5, 6, 7).

= 2 plots an outline on both the actual and negated R coordinates. For

2D geometry only.

= 3 plots an outline on the actual coordinates only.

= -1 is same as EDGE = 1 except outlines are also included between

different materials.

= -2 is same as EDGE = 2 except outlines are also included between

different materials.

= -3 is same as EDGE = 3 except outlines are also included between

different materials.

FAIL = 0 will not plot element information.

= 1 will plot star in center of fractured (partially failed) element.

= 2 will plot element number in the center of the element. The element

number type size is identical to that of the title line.

= 3 will plot both options (star and element number).

= 4 will plot a triangle in the center of all 3D shell elements and a circle

in the center of all 3D bar elements.

= 5 will plot triangles at the three nodes of all 3D shell elements and

circles at the two nodes of all 3D bar elements.

NODE = 0 will not plot individual node points.

= 1 will plot node points on negated R coordinates only. For 2D geometry

only (GEOM = 4, 5, 6, 7).
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= 2 will plot node points on both the actual and negated R coordinates.

For 2D geometry only.

= 3 will plot node points on actual coordinates only.

= -1 is same as NODE =1 except projectile nodes are drawn as a plus

sign and target nodes are drawn as a diamond.

= -2 is same as NODE = 2 except nodes are drawn as symbols instead of

points.

= -3 is same as NODE = 3 except nodes are drawn as symbols instead of

points.

NPRINT = 0 will not print node numbers.

= 1 will print node numbers on the plot. Node numbers are only printed

where nodes are plotted by the previous NODE option. To pnnt node

numbers on a grid with SIDE = 0, it is necessary to set NODE = 3. The

node numbers are the same size type as the title line, and the node

position is the lower left corner of the first digit in the node number.

TITLE = Title printed on the plot.

Plot Limits Cardt' or Axes = 2 (6F10.0, 315) - This card specifies the portion of the

problem which is plotted. Regions beyond those specified are not plotted. The vertical

axis is scaled to 10 units and the horizontal axes is as required. The scale factor used will

be a multiple of 1, 2, 3, 5, or 8 per axis unit.

X/RMAX = Maximum X/R coordinate included in the plot (distance). When VIEW
= 6, X/RMAX is the position of the cutting plane.

YMAX = Maximum Y coordinate included in the plot. When VIEW = 5, YMAX is

the position of the cutting plane.

ZMAX = Maximum Z coordinate included in the plot. When VIEW = 7, ZMAX is

the position of the cutting plane.
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X/RMIN = Minimum X coordinate included in the plot.

YMIN = Minimum Y coordinate included in the plot.

ZMIN = Minimum Z coordinate included in the plot.

El-EN = Range of elements to be plotted. If El = EN = 0, all elements will be
included.

Note: If El and/or EN exceed the 15 format (_ 100,000), set El = -1 and
then read El and EN on the following card in 2110 format.

M = Specific material number of elements to be plotted. If M = 0, all
materials will be plotted.

3D Perspective Card for VIEW = 4 or 8 (6F10.0, 15) - This card is included only for
the 3D perspective plots (VIEW = 4) and the arbitrary oriented cutting plate plot
(VIEW = 8).

XEYE, YEYE = Coordinates of the observer (distance).
ZEYE

XPLANE = Coordinates included in the plate on which the results are plotted for
YPLANE VIEW = 4. The plane is normal to a line from XEYE, YEYE, ZEYE to
ZPLANE XPLANE, YPLANE, ZPLANE. For VIEW = 8, this plane is the cutting

plane.

HIDE = 0 will plot all free surfaces (no hidden lines) for VIEW = 4.

= 1 will plot only lines which have both ends visible to the observer for
VIEW = 4. This option can require significant CPU time for large
problems.

= t will produce two plots, one each with HIDE = 0 and HIDE = 1.

Extrapolated Geometry Plot Card for 2D and 3D (215, F10.0, 812, 4X, F10.0, A30) -This

option allows the user to obtain extrapolated geometry plots at times much greater than were
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computed. Similar options as for Geometry Plot Card (TYPE = 1). Only previously undefined

variables are defined.

2 = Code to specify Extrapolated Geometry Plot.

T-EXTRAP = Extrapolated time for which the geometry is desired (second). Nodal

positions are based on straight line extrapolation using positions and

velocities from the specified cycle (or time).

Plot Limits Card for AXES = 2 (6F10.0, 315) - All variables previously defined.

Velocity Vector Plot Card for 2D and 3D (215, F10.0, 612, 8X, F10.0, A30) - Only

previously undefined variables are defined. See Geometry Plot Card description for

others.

3 = Code to specify velocity vector plot.

ARROW = 0 will not place arrowheads on the velocity vectors.

= 1 will place arrowheads on the velocity vectors.

VSCALE = Velocity which will give a velocity vector which has a length of 1.0

using the scale of the plot (distance/second). If left blank, VSCALE will

automatically be determined to give the longest vector a length of two
percent of the length of the vertical axis.

Plot Limits Card for AXES = 2 (6F10.0, 215) - Only previously undefined variables

are defined.

N1-NN = Range of nodes to have velocity vectors plotted. If N = NN = 0 all

nodes will have vectors plotted.

3D Perspective Card for VIEW = 4 (6F100, 215) - All variables previously defined.

PATRAN Output File Card (215, F10.0, 12, 28X, A30) - This card reads data from

the EPIC restart file and translates into PATRAN format. See expanded discussion for
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Data Output Card in Main Routine. There is an added option (PAT = 5) available only

from the Postprocessor.

4 = Code to specify PATRAN file output.

PAT = 1 will write PATRAN neutral file model data to file "EiPj.MDL."

= -1 is similar to PAT = 1, except that for 3D geometry, only data on the

plane of symmetry (Y = 0.0) are written. This gre itly reduces the size

of 3D files.

= 2 will write PATRAN neutral file model data and nodal results to file

"EiPj.NOD."

= -2 is similar to PAT = 2 as described previously.

= 3 will write PATRAN neutral file model data and element results to file

"EiPj.ELE."

= -3 is similar to PAT = 3 as described previously.

= 4 will write all three files.

= -4 is similar to PAT = 4 as described previously.

5 will generate PATRAN neutral file model data for 3D problems,

which includes surface elements only. This greatly reduces the size of

the PATRAN file.

Contour Plot Card for 2D and 3D (215, F10.0, 812, 14X,A30) - This card requests

contour plots of element variables. Contours are determined by first computing the

variable quantities at the nodes (i.e., the nodal pressure is the average of the pressures of

all elements which contain the node). Then the contours are drawn through the nodal

quantities. Only previously undefined variables are defined. See Geometry and Velocity

Vector Plot Cards for others.
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TYPE = Code to specify which variable is requested. Must be in the range of

11-21. See Figure 7 fbr description of variables.

NLINE = Number of contours to be plotted. If NLINE = 0, six contours will be

plotted at values 5, 20, 40, 60, 80, and 95 percent of the range between

the minimum and maximum variable quantity limits.

SYMBOL = Increment at which symbols are placed on contour lines. SYMBOL = 1

will place symbols at the forward end of each contour line within an

element, and SYMB(L = 5 will place symbols at the forward end of

every fifth element, etc. SYMBOL = 0 will place only one symbol on the

contour line.

PRINT = 0 will not print the nodal quantities of the specified variable on the

output of the Postprocessor.

= 1 will print the nodal quantities of the specified variable on the output
of the Postprocessor.

Plot Limits Card for AXES = 2 (6F10.0, 315) - This card is the same as described for

the geometry plots.

Contour Specification Cards for NLINE > 0 (SF10.0) - Used only for NLINE > 0 on

Contour Plot Card.

C1 ... CN = Magnitude of contours to be plotted.

Plot Cards for 1D Only (215, F10.0, 12, 12X, 12,14X, A30) - For one-dimensional

geometry, variables are plotted as a function of the Z axis. The plot axes are divided into

10 units each. Plot types must be in the range of 11-22 as shown in Figure 7. All input

variables have been previously defined.

Plot Limits Card for AXES = 2 (4F10.0) -

VMAX = Maximum value of the dependent variable included in the ID plot.

VMIN = Minimum value of the dependent variable included in the 1D plot.
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ZMAX = Maximum Z coordinate included in the plot (distance).

ZMIN = Minimum Z coordinate included in the plot.

b. Time Plots

Input data for time plots are summarized in Figure 8. System/Chunk Plot Cards

should be input first, followed by Individual Node and Individual Element Plot Cards.

The variables are plotted as a function of time. The plot axes are divided into 10 units

each. End with a blank card.

System/Chunk Plot Cards (315, F5.0, 4F10.0, A20) - These cards request plots of

the system variables or chunk variables. Each plot contains data for the projectile, the
target, the total system (projectile plus target), or a specified chunk. The system data
include eroded (totally failed) elements, but the chuck data do not include the eroded

elements. These data must have been previously written on the plot file by setting

SYS = 1 on the Plot Card in the Main Routine.

TYPE = Code describing the type of plot. See Figure 8 for description of type.
Must be in range of 1 to 27.

AXES = 0 will automatically select coordinates to include maximum and
minimum values of variable for total duration of time.

= I will read the coordinate limits of the plot.

= --1, -2, -3, etc., will overplot, using the axes from the previous plot. If

multiple plots are included on the same axes, the use of AXES = -1, -2,

-3, etc., will move the title location for each plot. This will eliminate

overwriting.

CODE = 0 will plot system data for the projectile, the target, and the total
system.

= -1 will plot system data for the projectile only.

= -2 will plot system data for the target only.
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= -3 will plot system data for the total system only.

> 0 will plot data for chunk number CODE.

SCALE = Factor by which the dependent variables are multiplied before plotting.

Negative values are allowed. A blank default gives SCALE = 1.0.

TMAX = Maximum time included on horizontal axis if AXES = 1 (second).

TMIN = Minimum time included on horizontal axis if AXES = 1.

VMAX = Maximum variable included in vertical axis if AXES = 1.

VMIN = Minimum variable included on vertical axis if AXES = 1.

TITLE = Title written on the plot.

Individual Node Plot Cards (315, F5.0, 4F10.0, A20) - These cards request plots of

nodal variables. These data must have been previously written on the plot file by

specifying the requested nodes on the Designated Nodes Card in the Main Routine. Only

previously undefined variables are defined.

TYPE = Code describing the type of plot. See Figure 8 for a description of types.

Must be in the range of 40 to 50. Note that acceleration data (TYPE =

47-49) may be incorrect for sliding surface and rigid body nodes.

NODE = Specific node for which plot data are requested.

Individual Element Plot Cards (315, F5.0, 4F10.0, A20) - These cards request plots

of element variables. These data must have been previously written on the plot file by

specifying the requested elements on the designated Elements Cards in the Main Routine.

Only previously undefined variables are defined.

TYPE = Code describing the type of plot. See Figure 8 for a description of types.

Must be in the range of 60-75.

ELE = Specific element for which plot data are requested.
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Note: If ELE exceeds the 15 format (>100,000), set ELE = -1 and then

-ead ELE on the following card in 110 format.

4. INTERACTIVE BATCH OPTION

This option allows the user to see how a run is progressing, and to terminate the run

with a restart file written, if desired. At the end of each cycle, EPIC checks to see if a file

exists on channel IBIN. If no file exists, the next cycle is started. If a file exists, the first
line is read and, if a command is recognized, the command is actuated. The file is deleted

after reading. Commands must start in column 1 and be given exactly as shown. The five

commands (CYCLE, STOP, SAVE, SAVE1, SAVE2) are as follows:

CYCLE = Print the current cycle line on channel IBOUT.

STOP = Stop EPIC by printing and saving as requested on current Data Output

Card.

SAVE = Write to the restart file IRESIN and print the current cycle line on

channel IBOUT.

SAVE1 = Same as SAVE.

SAVE2 = Write to the restart file IRESOT and print the current cycle line on
channel IBOUT.

5. PROGRAM STRUCTURE AND FILE DESIGNATION

The subroutines are contained in five groups, designated EPIC, SUBS, POST1,
POST2, and a machine-dependent group named after the machine. There are
machine-dependent subroutines for VAX and CRAY. There is also a generic set of

subroutines in group DUMMY. For the Preprocessor and Main Routine, the subroutines
in EPIC, SUBS, and CRAY or VAX are required. For the State Plots Postprocessor, the

subroutines in POST1, SUBS, and CRAY or VAX are required. For the Time Plots
Postprocessor, the subroutines in POST2 are required.

The file designations are as follows:
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IN = 5 Input file (file names for CRAY are epic-in for EPIC, postl.in for

POSTI, and post2.in for POST2).

IOUT = 6 Output file (file i.,mes for CRAY are epic.out for EPIC; postl.out for

POSTI, and post2.out for POST2).

IPLTIN = 7 Restartable plot file for time plots, which is read by the Main

Routine, and the time plot postprocessor, POST2 (file name for CRAY

is epic.tpi).

IPLOT = 8 Plot file for time plots written by the Main Routine (file name for

CRAY is epic.tpo).

IRESIN = 9 Restart file read by the Main Routine. Can also write to this file with

SAVE = 1 option (file name for CRAY is epic.res).

IRESOT = 10 Restart file generated by the Main Routine with SAVE = 2 option

(file name for CRAY is epic.rst).

IRES03 = 12 Restart file generated by Main Routine with SAVE = 3 option.

INDATA = 15 Input file with comments removed.

IBIN 16 Interactive batch input read by the Main Routine (file name for

CRAY is epic.bin).

IBOUT = 17 Interactive batch output (file name for CRAY is epic.cyc).

MPATOT = 19 PATRAN Model file output.

NPATOT = 20 PATRAN Node file output.

LPATOT = 21 PATRAN Element file output.

INPAT = 30 PATRAN file used by the EPIC Preprocessor (file name for CRAY is

epic.pin).
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6. INSTRUCTIONS FOR CHANGING PROGRAM DIMENSIONS

The dimensions of the Preprocessor and Main Routine can be changed by
redimensioning the arrays in common blocks NODE, ELEMNT, and MISC2. An
explanation of the variable names is given in BLOCK DATA INITAL.

7. COMPUTER MACHINE DEPENDENCIES

Several places in the EPIC code require modification when used on various computers.
Most of the places are in a single file. Three versions of this file are included with the

distribution tape. File VAX.FOR contains code which works with VAX/VMS computers
with FORTRAN 77. File CRAY.FOR is for CRAY computers. File DUMMY.FOR contains
code which has the best chance of working on all computers. Each file contains different
versions of the same subroutines. Subroutine CPCLCK should return the amount of time
used by the central processor on this problem. The DUMMY version always returns a
zero to avoid a machine dependent clock call. Subroutine DATTIM should return the
current date and time in a format suitable for PATRAN data files. The DUMMY version
always returns 01-JAN.91 00:00:00. The remaining subroutines have names starting
with a Q and open various files. The subroutines QBIN and QBOUT open the input and
output files used in the interactive batch option. The VAX version does not use file names
because it is preferred to use job control cards to set up the file names. The CRAY version
uses a file name because predefined file names are preferred. The remaining Q
subroutines have similar differences which should be obvious from comments in the code.

The subroutines QRESIN and QRESOT have a special requirement. These
subroutines open the restart input and output files. These files are unformatted and

therefore machine dependent. Some machines like the CRAY do not allow a maximum
record length to be specified, while other machines like the VAX require the specification
of a maximum record length. When the maximum record size can be specified, the best
efficiency is usually obtained by specifying the largest record that the system can handle.
This situation is handled by modifying the file ENVIRO.FOR. The value of MXRSZ
should be 0 (zero) when the maximum record size is not specified, and equal to the
maximum record size when the size is specified. The value of NUPV should be the
number of record size units per variable. The VAX uses units of words for the record size.

N5~M9 121



Each VAX single precision variable uses one word so for the VAX, NUPV = 1. On the

Apollo, the units of record length are bytes. A single precision variable is 4 bytes long so

on the Apollo, NUPV = 4. The variables MXRSZ and NUPV are used by subroutine SAVE

to divide large amounts of data into pieces that the machine can handle.

8. EXAMPLE PROBLEMS

This subsection contains input data and computed results for the following example

problems:

" Example 1 - 1D Wave Propagation

" Example 2 - 2D Cylinder Impact onto a Rigid Surface

" Example 3 - 2D Normal Impact and Perforation

* Example 4 - 3D Oblique Impact and Perforation

Selected computed results and input data for the examples are shown in Figures

25-32.
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Fgure 25. Example 1
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STYPE CASE .... DESCRIPTION.OF. PROBLEM ............................................
2 1 EXAMPLE I - ID VAVE PROPAGATION

SGEOM PRNT SAVE NSLD NAS NRST NRIG NCHK///// NZONpcXYZ SPLT DP3 UNIT
1 0 1 1 0 0 0 0 001000 0 0 0

SNATL 0 DAM FAIL DFCT EFAL library materials
1 0 1 0 1.0 999. $LIBRARY COPPER
4 0 1 0 1.0 999. $LIBRARY ARMCO IRON
$ BLANK FOR END OF MATERIALS

$ PROJECTILE NODES
S X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0
$ LINE OF NODES
$ 1NNODE/IRTZ//////////////////////// NI INC EXPAND

1 21 000 1 1 1.0
$ X/RI ¥I Zi X/RN YN ZN

0.0 0.0 1.0 0.0 0.0 2.0
$ BLANK FOR END OF PROJECTILE NODES

$ TARGET NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0
$ LINE OF NODES
S INNODE//RTZ///////////////////////// Nl INC EXPAND

1 141 000 51 1 1.0
S X/R1 *I Zi X/RN TN ZN

0.0 0.0 2.0 0.0 0.0 9.0
$ BLANK FOR END OF TARGET NODES

$ PROJECTILE ELEMENTS
S 1 MATLNCOMP Ni N2 N3 N4 N5 N6 N7 N8 INC SHEL///// T/A

1 1 20 21 20 -1 0
S BLAN FOR END OF PROJECTILE ELEMENTS

$ TARGET ELEMENTS
$ 1 MATLNCOMP NI N2 N3 N4 N5 N6 N7 N8 INC SHELl/// T/A

1 4 140 191 190 -I 0
$ BLANK FOR END OF TARGET ELEMENTS

$ SLIDE LINE 1
S Ml St

21 51
$ X/RDET YDET ZDET TBURN

0.0 0.0 0.0 0.0
S PX/RDOT PY/TDOT PZDOT TX/RDOT TY/TDOT TZDOT DT1 VFLD

0.0 0.0 40000.0 0.0 0.0 0.0 .00000005 0
SCYCL///// TIME OTMAX DTMIN SSF TMAX CPMAX EMAX

0 0.000000 1.0.000000001 0.9 0.000025 1.0
$TPLT DROP/I//I PRES PUSH HRG VFRACT////////// PNAX

0 0
$ TIME ECHECK NCHECK RDAMP SAVE BURN YPRT NDAT SLPR PROJ PAT RZNE
0.000003 1001.0 0.0 0.0 1 0 0 1
0.000015 1001.0 0.0 0.0 1 0 0 1
1.000025 1001.0 0.0 0.0 1 0 0 1

Figure 26. Input Data for Example 1
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$TYPE CASE.... DESCRIPTION.OF.PROBLEM ............................................
2 2 EXAMPLE 2 - 2D CYLINDER IMPACT ONTO A RIGID SURFACE

SGEOM PRNT SAVE NSLD NNAS NRST NRIG NCHK///// NZONpcXYZ SPLT DP3 UNIT
6 0 1 0 0 0 0 0 002001 0 0 0

SMATL 0 DAM FAIL DFCT EFAL library materials
39 0 1 0 1.0 999. $ LIBRARY ARNCO IRON

S BLANK FOR END OF MATERIALS
$ PROJECTILE NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0
$ ROD NODES
$ 2 NOR NIR NPLN RAD AX CROS JOIN NI NTOP ZTOP ZBOT EXPAND

2 5 0 34 1 0 1 0 1 0 1.0 0.0 1.0
S ROTOP RITOP ROBOT RIBOT (for RAD-i)

.15 0.0 .15 0.0
S BLANK FOR END OF PROJECTILE NODES

$ TARGET NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0
$ BLANK FOR END OF TARGET NODES

$ PROJECTILE ELEMENTS
$ ROD ELEMENTS
$ 2 MATL Ni DIAG NOER NIER NAYI/// SHEL PLAC////////// THICK

2 39 1 5 5 1 33 0 0
$ BLANK FOR LND OF PROJECTILE ELEMENTS

S TARGET ELE"ENTS
$ BLANK FOR END OF TARGET ELEMENTS

$ X/RDET YDET ZDET TBURN
0.0 0.0 0.0 0.0

S. PX/RDOT PYITDOT PZDOT TX/RDOT TY/TDOT TZDOT DT1 VFLD
0.0 0.0 -8000.0 0.0 0.0 0.0 .00000005 0

SCYCL///// TIME DTMAX DTMIN SSF TRAX CPMAX EMAX
0 0.000000 1.0.000000001 0.9 0.000050 1.0

$TPLT DROP///// PRES PUSH NRG VFRACT////////// PHAX
1

$ SYS NPLT LPLT DPLT DTSYS TSYS DTNODE TNODE DTDYN TDYN
1 1 1 0 0.000001 0.000000 0.0000001 0.000000

$ NI N2 N3 N4 N5 N6 N7 N8 N9 N1O NIl N12 N13 N14 NI5 N16
1

$ LI L2 L3 L4 L5 L6 L7 L8 L9 L1O LII L12 L13 LI4 L15 L16
660

S TIME ECHECK NCHECK RDAMP SAVE BURN YPRT NDAT SLPR PROJ PAT RZNE
0.000025 1001.0 0.0 0.0 1 0 0 50
1.000050 1001.0 0.0 0.0 1 0 0 50

Figure 28. Input Data for Example 2
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Figure 29. Example 3
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STYPE CASE .... DESCRIPTION.OF. PROBLEM ............................................
2 3 EXAMPLE 3 - 2D NORMAL IMPACT AND PERFORATION

$GEON PRNT SAVE NSLD NMAS NRST NRIG NCHK///// NZONpcXYZ SPLT DP3 UNIT
6 0 1 2 0 0 0 1 003 0 0 0 0

SMATL 0 DAM FAIL DFCT EFAL
1 0 1 1 1.0 999. $ COPPER FROM LIBRARY

23 0 1 1 1.0 999. S 6061-T6 ALUM FROM LIBRARY
$ BLANK FOR END OF MATERIALS

$ PROJECTILE NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 0.0 1.0
$ ROD NODES
$ 2 NOR NIR NPLN RAD AX CROS JOIN N1 NTOP ZTOP ZBOT EXPAND

2 5 0 17 1 0 1 0 1 0 2.5 0.5 1.0
$ ROTOP RITOP ROBOT RIBOT

0.5 0.0 0.5 0.0
$ NOSE NODES
$ 3 TYPE NOR NIR RAD AX CROS///// N1///I ZTOP ZMJN

3 2 5 0 1 0 1 183 0.5 0.0001
S ROTOP RITOP

0.5 0.0
$ BLANK FOR END OF PROJECTILE NODES

$ TARGET NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 0.0 1.0
$ FLAT PLATE NODES
S 4 TYPE NX/R NY NZ FIX CROS JOIN NI INC X/REXP YEXP ZEXP

4 1 26 0 16 1 1 0 250 0 1.2 1.0 1.0
SNRND NZND RPRT ZPRT RHAX RHIN ZMAX ZMIN

11 16 .625 1.0 4.0 0.0 0.0 -1.5
$ BLANK FOR END OF TARGET NODES

$ PROJECTILE ELEMENTS
$ ROD ELEMENTS
S 2 MATL NI DIAG NOER NIER NLAY///// SHEL PLAC////////// THICK

2 1 1 5 5 1 16
$ NOSE ELEMENTS
S 3 MATL N1 DIAG NOER NIER////////// SHEL/////////////// THICK

3 1 183 5 5 1
$ BLANK FOR END OF PROJECTILE ELEMENTS

$ TARGET ELEMENTS
$ FLAT PLATE ELEMENTS
S 4 MATL NI DIAG TYPE LX/R NLY NLZ SHEL PLAC////////// THICK

4 23 250 5 1 25 0 15
$ BLANK FOR END OF TARGET ELEMENTS

$ SLIDE LINE 1 (TARGET MASTER, PROJECTILE SLAVE, ERODING)
S NMG NMN NSG NSN NSR TYPE MBOT ISR ITI IT2 REF VEL ERODE FRICTION

1 0 1 0 0 1 1015 0 1 0 100000. 1.5 0.0
$ M1G MNG INC

250 265 1
$ SIG SNG INC

1 237 1
$ SLIDE LINE 2 (PROJECTILE MASTER, TARGET SLAVE, ERODING)
$ NMG NNN NSG NSN NSR TYPE NBOT ISR IT1 IT2 REF VEL ERODE FRICTION

3 0 0 0 1 1 0 0 1 0 100000. 1.5 0.0
$ MIG MNG INC

Figure 30. Input Data for Example 3
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1 5 1
6 182 11

228 237 1
$ RMAX RHIN ZMAX ZMIN (SLAVE BOX)

1.2 0.0 0.0 -1.6
$ CHUNK CARDS
$ CEI CEN

1 420
$ X/RDET YDET ZDET TBURN

0.0 0.0 0.0 0.0
$ PX/RDOT PY/TDOT PZDOT TX/RDOT TY/TDOT TZDOT DT1 VFLD

0.0 0.0 -80000. o.0 0.0 0.0 .00000005 0
$CYCL///// TIME DTMAX DTMIN SSF TMAX CPMAX EMAX

0 0.000000 1.0.000000005 0.9 0.000060 1.0 0.0
$TPLT DROP/I//I PRES PUSH HRG VFRACT///////I/I PMAX

0 0 0 0 0 0 0. 0
$ TIME ECHECK NCHECK RDAMP SAVE BURN YPRT NDAT SLPR PROJ PAT RZON
0.000020 1001. 0.0 0.0 1 0 0 50
0.000040 1001. 0.0 0.0 1 0 0 50
1.000000 1001. 0.0 0.0 1 0 0 50

Figure 30. Input Data for Example 3 (Concluded)

129



EIC OESECC Posr PPT)CESSOR. POSTI1191--)
i-0 GEOMETP,

E.,.-"PLE 4 TIM4E --. MOO CYCLE =0YII4X ..4) 00000000 I N -. .00()000)

EPIC PESEAPCH Pf)y; PPOCESOR. POST I tq P3
3-0 GEO3ETPY

r.'.-IMPLE 4 1TIME =0. O)L0003 CYCLE =1844
YT143 YMC)X00 YIN .0.0000000.)

-z- )) .2) .*2 S~-40 .60~ 0 I;S 0 40 3-0 W.00

Figure 31. Example 4
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$TYPE CASE.... DESCRIPTION. OF.PROBLEM ............................................
2 4 EXAMPLE 4 - 3D OBLIQUE IMPACT AND PERFORATION

$GEOM PRNT SAVE NSLD NMAS NRST NRIG NCHK///// NZONpcXYZ SPLT DP3 UNIT

8 0 1 2 0 0 0 1 004000 0 1 0
$MATL 0 DAM FAIL DFCT EFAL library materials

1 0 1 0 1.0 999. $LIBRARY COPPER
4 0 1 0 1.0 999. $LIBRARY ARMCO IRON
$ BLANK FOR END OF MATERIALS

$ PROJECTILE NODES
$ X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0 0.0 0.4 -65. 0.0 0.0-.125
$ ROD NODES
$ 2 NOR NIR NPLN RAD AX CROS JOIN NI NTOP ZTOP ZBOT EXPAND

2 1 0 20 1 0 1 0 1 0 3.00 0.15 1.0
$ ROTOP RITOP ROBOT RIBOT (for RAD=l)

0.158 0.0 0.158 0.0
$ NOSE NODES
$ 3 TYPE NOR NIR RAD AX CROS//// Ni///// ZTOP ZMIN

3 2 1 0 1 0 1 332 0.15 0.0
$ ROTOP RITOP (for RAD-1)

0.158 0.0
$ BLANK FOR END OF PROJECTILE NODES

$ TARGET NODES
S X/RSCALE YSCALE ZSCALE X/RSHIFT ZSHIFT ROTATE SLANT X/RO ZO

1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0

$ FLAT PLATE NODES
$ 4 TYPE NX/R NY NZ FIX CROS JOIN NI INC X/REXP YEXP ZEXP

4 3 29 8 3 1 1 0 501 0 1.5 1.5 1.0
$NXND NYND XPRT YPRT Xl Y1 ZI XN YN ZN

5 4 .233 .600 -3.0 0.0 0.0 3.0 1.5 -0.25
$ BLANK FOR END OF TARGET NODES

$ PROJECTILE ELEMENTS
$ ROD ELEMENTS
$ 2 MATL Ni DIAG NOER NIER NLAY///// SHEL PLAC////////// THICK

2 1 1 5 1 1 19
$ NOSE ELEMENTS
$ 3 MATL Ni DIAG NOER NIER////////// SHEL/////////////// THICK

3 1 332 5 1 1
$ BLANK FOR END OF PROJECTILE ELEMENTS

$ TARGET ELEMENTS
$ FLAT PLATE ELEMENTS
$ 4 MATL NI DIAG TYPE LX/R NLY NLZ SHEL PLAC////////// THICK

4 4 501 5 3 28 7 2
$ BLANK FOR END OF TARGET ELEMENTS

$ SLIDE LINE I (TARGET MASTER, PROJECTII.E SLAVE, ERODING)
$ NMG SEEK NSG NSN NSR TYPE MBOT ISR IT///// REF VE. ERODE FRICTION

1 4 1 0 0 1 2603 0 1 75000. 1.5 0.0

$ 1 Ml DIAG NML NMW IDL IDW
1 506 5 17 4 1 57

$ SIG SNG, INC
1 348 1

$ SLIDE LINE 2 (PROJECTILE MASTER, TARGET SLAVE, ERODING)

$ NMG SEEK NSG NSN NSR TYPE MBOT ISR IT///// REF VEL ERODE FRICTION
1 4 0 0 1 1 0 0 1 75000. 1.5 0.0

$ 2 Ml CODE DIAG NOR NIR NPL

Figure 32. Input Data for Example 4
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2 348 -1 5 1 0 20
S XHAX XMIN YMAX YHIN ZMAX ZMIN (SLAVE BOX)

1.0 -1.0 0.2 o.0 0.0 -0.3
$ CHUNK CARDS
$ CEI CEN

1 960
$ X/RDET YDET ZET TBURN

0.0 0.0 0.0 0.0
$ PX/RDOT PY/TDOT PZDOT TX/RDOT TY/TDOT TZDOT DT1 VFLD

46029. 0.0 -21464. 0.0 0.0 0.0 0.000001 0
$CYCL///// TIME DTMAX DTNIN SSF THAX CPHAX EMAX

0 0.0 1•0.000000001 0.7 .000100 20.
$TPLT DROP/I//I PRES PUSH NRG VFRACT////////// PMAX

1
S SYS NPLT LPLT DFLT DTSYS TSYS DTNODE TNODE DTDYN TDYN

1 0 0 0 0.000002 0.000000
$ TIME ECRECK NCHECK RDAMP SAVE BURN YPRT NDAT SLPR PROJ PAT RZNE

.000050 999. 75000. 0.0 1 0 1 10
1.000100 999. 75000. 0.0 1 0 1 10

Figure 32. Input Data for Example 4 (Concluded)

.52B~d4t 132



SECTION III
DISTRIBUTION GUIDELINES

This EPIC Research code is distributed by WL/MNMW, Eglin Air Force Base, Florida

32542. In order to receive a copy of the software associated with this code, the following

guidelines must be met:

1) The requester must demonstrate a requirement for the code. The types of calculations

to be done and the facilities to be used should be identified.

2) The requester must sign an appropriate form which states that there will be no

secondary distribution of the code.

3) All software obtained is to be used on a computer system with limited access, such that

as a minimum, passwords and read permission are required to access the code.

4) Any problems or bugs found in the codes are to be reported to W.MNMW.

5) It is requested that any changes made to the codes be made known to this office.

6) Publications referencing work done by this software, or its derivatives, must reference

WL/MNMW as the major code sponsor and Alliant Techsystems as its major developer.

The reference should identify the version of the code used and identify any

enhancements made to the original software.
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

User instructions have been provided for the 1991 version of the EPIC Research code.
This code can be used for a wide range of problems including high velocity impact and
explosive-metal interaction.
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